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Abstract 
Studies on infant manual laterality can be very similar in terms of the goals of the research, but 
they often show wide variability in several aspects of methodological approaches. This can be 
problematic when researchers directly compare findings from studies that employ different 
methodologies. The most common methodological inconsistencies are how many trials are 
utilized, which behaviors are observed, and how bilateral behaviors are addressed in 
computations. Here we aim to address whether methodological differences can lead to dissimilar 
conclusions about patterns in infant manual behaviors like laterality and coupling for three 
versus eight trials, reach versus grasp actions, and when bilateral behaviors are removed or 
retained. We performed secondary analysis on 32 infants followed longitudinally for the first and 
second year of life. The ages that infants were observed ranged from 6.0 to 16.8 months. 
Analyses were conducted on all infants together and then again when infants were divided into 
three developmental age groups. Among the comparisons we investigated, we found a high 
degree of concordance between coupling and laterality quotients when comparing the first three 
versus the first eight trials of testing. We found fewer similarities between coupling and laterality 
quotients when comparing reaching behavior versus grasping responses and between laterality 
quotients when we retained or removed bilateral behaviors. We provide suggestions for best 
practices in conducting longitudinal research on infant manual laterality, as well as a caution 
against the prevalent tendency to directly compare research employing different methodology.  
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Part 1. Introduction 
Manual preference is an observable manifestation of specialization of the cerebral 
hemispheres (Serrien, Ivry, & Swinnen, 2006). Although there is some variation at the individual 
level, humans are unique from other animals because humans have population level dextral 
preferences for the right hand (Annett, 1972). Currently, an estimated 65 to 95% of the human 
population has a right hand preference, but this estimate can depend on criteria used in the 
classification of handedness (Michel, Babik, Sheu, & Campbell, 2014).  
In non-human animals, individuals have left, right, or mixed limb preferences, but at the 
population level, their limb preferences are randomly distributed (Annett, 1972). This overall 
trend is observed in all cultures (Annett, 1972), and is important for the phylogeny of humans 
(Corballis, 1991). Based on anthropological evidence, hand preferences that are skewed to the 
right began with hominids (see Papademitriou, Sheu & Michel, 2005). Furthermore, 
lateralization of functions in the brain may even have selective fitness advantages for some 
animals (e.g., Bibost & Brown, 2014). 
Many researchers who study handedness are interested in linking it to other lateralized 
functions in the brain, such as language (e.g., Dehaene-Lambertz, Dehaene, & Hertz-Pannier, 
2002; Holowka & Petitto, 2002; Knecht et al., 2000; Nelson, Campbell, & Michel, 2014), and 
emotion processing (Thomas, Wignall, Loetscher, & Nicholls, 2014). For most healthy people, 
both hand preference and language are specialized in the left hemisphere (Knecht et al., 2000). 
Recently, researchers have asserted that specialization of hand preference, beginning in infancy, 
could affect sensorimotor abilities that involve interhemispheric coordination and 
communication (Michel, Babik, Nelson, Campbell, & Marcinowski, 2013).  
   2
Hand preference is heavily studied in infancy because many researchers are interested in 
determining the origins and early development of hand preference. Manual laterality in early 
infant development often relies on the hand(s) used for goal-directed tasks such as reaching 
and/or grasping. A large number of studies investigating infant manual laterality have been 
longitudinal, spanning several months over the first few years of life (e.g., Corbetta & Bojczyk, 
2002; Ferre, Babik & Michel, 2010; Jacquet, Esseily, Rider & Fagard, 2012; Michel & Harkins, 
1986).When trying to observe patterns in manual laterality, opting to use longitudinal studies 
may be in researchers’ best interests. Not only can longitudinal studies provide in-depth 
information about participants’ behavior, but they also allow researchers to observe 
developmental changes over time.  
Here, we provide an overview of various methodological approaches utilized in 
longitudinal studies that have investigated infant manual laterality. Due to this reason, cross-
sectional studies on infant laterality will not be discussed here in an attempt to control for 
experimental design. However, cross-sectional studies on infant laterality are abundant, and 
some of the methodological comparisons discussed may also apply to them.   
To begin, Jacobsohn and colleagues (2014) review many similarities that can be found 
among longitudinal studies on infant laterality. Nearly all longitudinal studies on infant manual 
laterality attempt to identify the stages or conditions in which lateralized patterns emerge. Some 
studies also aim to identify the context in which infant manual biases come about, and the 
majority of studies address manual laterality through the process of having infants reach for 
and/or grasp objects (Jacobsohn, Rodrigues, Vasconcelos, Corbetta & Barreiros, 2014). 
Although nearly all of the studies on infant laterality have several similarities in terms of goals of 
the research and general approaches in methodology, there are sometimes inconsistencies in the 
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literature that occasionally indicate controversial findings. One example of these inconsistencies 
concerns the developmental origins of hand preference. Although this debate will not be 
addressed here, some researchers purport that there are right-hand biases beginning when infants 
are a few weeks old (Michel, 1981), or several months of age (Hinojosa, Sheu, & Michel, 2003). 
Other researchers argue that there are no early preferences in development and that right-
handedness cannot be detected until 9 months of age (Jacobsohn et al., 2014) or even up 12 to 36 
months of age (Rönnqvist, & Domellöf, 2006). Some researchers have also argued that hand 
preference cannot be certain until later in childhood (McManus et al., 1988). In this example, and 
in other inconsistencies in the literature, perhaps differences in findings could relate to 
differences in methodological approach.  
This methodological overview revealed several significant differences in approaches to 
studying manual laterality that could potentially affect consensus about the study of hand 
preference in the literature. Table 1 overviews some of the main differences in methodology, 
which relate to the behaviors researchers use to examine infant laterality, the age at which infants 
are tested, the computations researchers use to determine laterality, and the number of trials used 
in the computations. These differences will be discussed in the following sections.  
Differences in the Behaviors Used 
As reviewed by Jacobsohn and colleagues (2014), the first of these methodological 
differences is the behavioral criteria that researchers use to assess laterality. The behaviors 
assessed in manual laterality studies can vary depending on the experimental setup. Variability in 
the way laterality is assessed could potentially lead to inconsistent findings (Ferre et al., 2010), 
because infant hand preference is a reflection of the infant’s rapidly changing and developing 
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nervous system, which is sensitive to experimental conditions (Michel, Babik, Sheu, & Campbell, 
2014).  
Some researchers have observed infants reaching for objects in mid-air at shoulder height 
(e.g., Corbetta & Bojczyk, 2002) or at waist level (e.g., Corbetta & Snapp-Childs, 2009), while 
seated in an infant chair. Others experimenters have presented objects to infants at midline 
through the use of a table (e.g., Fagard, & Pezé, 1997; Jacquet et al., 2012; Marschik et al., 2007, 
2008). Recently, researchers have also begun to use biomechatronic gym-like structures within 
which infants are secured for more naturalistic testing procedures (Sgandurra et al., 2012). In 
order to reduce repetition or response bias in infants’ behaviors, some experimenters have used a 
combination of in-air presentations and presentations on a table (e.g., Babik, Campbell, & 
Michel, 2014; Ferre et al., 2010; Michel et al., 2014), while infants are seated in a high-chair or 
in either their mother’s or an experimenter’s lap. Additionally, experimenters sometimes report 
occasionally shaking or tickling infants’ hands simultaneously throughout the presentation 
procedure in order to further reduce the likelihood that an infant would adopt repetitive behavior 
patterns in manual responses (e.g., Ferre et al., 2010; Michel et al., 2014). Sometimes, they 
report, infants’ hands needed to be readjusted during presentations to reposition them straight on 
the table in order to maintain activation of both hands and prevent biases in reaching (e.g., Ferre 
et al., 2010).  
While some studies focus on detecting patterns in early pre-reaching behaviors (e.g., Piek, 
Gasson, Barrett & Case, 2002), others have focused on manual behaviors after reach onset (e.g., 
Atun-Einy, Berger, Ducz & Sher, 2014; Carlson & Harris, 1985; Corbetta & Bojczyk, 2002; 
Morange-Majoux et al., 2000; van Hof, van der Kamp, & Savelsbergh, 2002). Some researchers 
have collected data on fluctuations in manual behavior before and after reaching onset (e.g., 
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Corbetta & Thelen, 1996, 1999; Jacobsohn et al., 2014). Other experimenters have been 
interested in using head orientation to predict manual preference in reaching (e.g., Michel & 
Harkins, 1986). A number of researchers have observed manual preferences in grasp and 
apprehension actions as well (e.g., Geerts, Einspieler, Dibiasi, Garzarolli & Bos, 2003; Michel et 
al., 2014; Michel et al., 2002), sometimes in conjunction with reaching (e.g., Hinojosa et al., 
2003; Michel et al., 2006; Rönnqvist & Domellöf, 2006). Furthermore, a growing body of 
research has been conducted on longitudinal fluctuations in infants’ reaching behaviors 
following advancements in crawling, standing, and walking (e.g., Atun-Einy et al., 2014; Babik 
et al., 2014; Corbetta & Bojczyk, 2002; Corbetta & Thelen, 2002; Epps, Corbetta, & Bril, 2012). 
In addition to locomotor posture, some have also linked handedness and footedness in infancy 
(Berger, Friedman, & Polis, 2011).  
As shown in Table 1, terms like initiation, reach, approach, contact, grasp, acquisition, 
apprehension, and prehension are all used in the literature to describe dependent variables used 
when studying infant hand preference. Some researchers describe reaching as the behavior 
occurring between initiation, the initial movement of an infant’s hand towards a goal object, and 
touch, the first contact made with a goal object (e.g., Corbetta & Bojczyk, 2002; Fagard, & Pezé, 
1997; van Hof et al., 2002). Other experimenters have used the terms reach, touch and/or grasp 
to refer to object apprehension (e.g., Michel et al., 2006), or more broadly, reaching behavior 
(Marschik et al., 2008). Grip configuration and grasp have been used to describe how infants use 
their own hands to remove an object from an experimenter’s hand (Corbetta & Snapp-Childs, 
2009). The terms power grip or palmar grasp have also been used to describe when infants use 
all four fingers to squeeze an object against their palm, but this was only coded when infants 
were looking at the object (Sgandurra et al., 2012). Similarly, some researchers have defined 
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object acquisition by referring to an infant’s ability to pick up an object from a surface, or when 
infants have control of an object during an air presentation (e.g., Babik et al., 2014; Kotwica et 
al., 2008; Michel et al., 2014), but some have used the term grasping to describe the same 
behavior (e.g., Fagard, & Pezé, 1997). Even still, some have defined acquisition slightly 
differently, as the time when infants close their fingers around an object in a grasp-like 
configuration, or prehension (Ferre et al., 2010; see Table 1).  
Certainly, the dependent variables used and the definitions used to describe them would 
depend on the presentation styles for objects used in the study. Even though some confusion may 
result when different researchers use two definitions to describe similar actions, additional 
problems can arise when variables are not defined at all. When several of these terms are not 
operationally defined and are all used interchangeably to describe methodological coding in the 
same study, it can become very unclear to the reader how the researchers actually used an 
infant’s manual behavior to calculate manual preference. The actual behaviors being discussed 
could be remarkably different (e.g., reach and grasp), and specific coding rules are rarely 
provided in the literature. This can create a great deal of ambiguity and uncertainty when making 
comparisons between research studies. Some researchers have attempted to also compare 
behaviors that they have acknowledged may be different (Babik et al., 2014).  
Differences in the Ages of Testing 
The second of these methodological inconsistencies explored here that could be at the 
root of controversy in the literature pertains to the age at which infants are tested for manual 
laterality. For some studies, the initial timing and time spans between the first session and last 
session can be very different (see Table 1). A large majority of studies have been conducted on 
infants from about 6 months of age to around 20 months of age (e.g., Fagard & Pezé, 1997; 
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Jacquet et al., 2012; Babik et al, 2014; Kotwica et al., 2008; Michel et al., 2002; Ferre et al., 
2010).  
Furthermore, differences in the ages of testing could also be related to differences in 
which manual behaviors researchers use to assess laterality. For example, researchers who study 
infants beginning at 6-months-old have used apprehension as their behavioral criterion to 
determine manual laterality (e.g., Michel et al., 2006). Given that prior to 6 months of age, 
infants do not grasp objects consistently (von Hofsten & Lindhagen, 1979), a manual laterality 
analysis based on apprehension, for example, would be impossible for researchers studying 
laterality in much younger infants.  
These discrepancies in the age infants are tested for manual laterality, added to the many 
other methodological differences described above, could become even more problematic for 
direct comparison between studies. This is because previous work has demonstrated that infants 
of different ages show variation in their abilities to control their arm movements in order to reach 
towards and subsequently grasp objects (e.g., Thelen, Corbetta, & Spencer, 1996). Furthermore, 
previous research has also demonstrated that fluctuations in unimanual and bimanual hand use 
can be related to the infant’s motor skills (Atun-Einy et al., 2014; Babik et al., 2014; Corbetta & 
Bojczyk, 2002; Corbetta & Thelen, 1996, 2002; Epps et al., 2012), so when infants of various 
age groups and skill levels are compared directly to one another, researchers may overlook 
important differences in the data.  
Time spans for data collection and intervals between appointments can also relate to the 
ages at which infants are tested to assess manual laterality (Ferre et al., 2010; Jacobsohn et al., 
2014). Intervals between assessments can take place weekly (e.g., Corbetta & Bojczyk, 2002; 
Corbetta & Thelen, 1996, 1999), biweekly (e.g., Morange-Majoux et al., 2000), every two to 
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three weeks (e.g., Atun-Einy et al., 2014; Sgandurra et al., 2012), monthly (e.g., Babik et al., 
2014; Ferre et al., 2010), or between several months at a time (e.g., Jacquet et al., 2012; Kotwica 
et al., 2008; Michel et al., 2002; Rönnqvist & Domellöf, 2006). These differences lead to very 
short or much longer intervals between assessments. Results from developmental assessments of 
observation frequencies have demonstrated that large gaps in sampling intervals could actually 
impact the validity of conclusions in longitudinal studies. Many errors can potentially occur 
when making assumptions from under-sampled data (Adolph & Robinson, 2011; Adolph, 
Robinson, Young, & Gill-Alvarez, 2008). Specifically, under-sampled data pertaining to infant 
manual laterality could result in misclassification of an infant’s developmental trajectory (Ferre 
et al., 2010; Michel et al., 2014).  
In addition to the intervals between assessments, there are also differences in the total 
number of assessments that researchers use. The total number of times an infant is observed can 
range from two to three times (e.g., Marschik et al. 2008, Michel et al., 2002; van Hof et al., 
2002) to upwards of 30 to 40 times (e.g., Corbetta & Bojczyk, 2002; Corbetta & Thelen, 1996, 
1999). However, many studies utilize between 5 to 10 sessions (e.g., Babik et al., 2014; Cochet, 
2012; Ferre et al., 2010; Michel et al., 2014, Morange-Majoux et al., 2000; see Table 1).  
Differences in the Computations Used  
The third methodological difference between studies is the type of computations used to 
assess manual laterality (see Table 1). For decades, researchers have attempted to quantify the 
direction and degree of asymmetry, based on the number and type of manual behavior patterns 
observed (e.g., Carlson & Harris, 1985; Michel, Ovrut & Harkins, 1985). Coupling behaviors 
have been defined as the co-activation or lack thereof between uni- or bimanual behaviors (e.g., 
Corbetta & Bojczyk, 2002; Corbetta & Thelen, 1996, 1999; Fagard & Pezé, 1997). However, 
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some researchers have similarly used the term symmetry to describe simultaneous bimanual 
actions (Babik et al., 2014). Other studies have centered on laterality, which represents the arm 
(left or right) that extends toward an object (e.g., Ferre et al., 2010; Jacobsohn et al., 2014; 
Michel et al., 2002; see Table 1).  
The concept of laterality produces an interesting problem pertaining to the way in which 
infant bilateral behaviors in the data are analyzed. In the event that two hands contact an object 
in a reach, most researchers slow down the coding video to reveal which hand touched the object 
first, which allows them to say whether the reach was more left or right biased (e.g., Corbetta & 
Bojczyk, 2002; Michel et al., 2002). However, in cases where both hands touch the object at 
exactly the same time or within a certain time frame, there are discrepancies in the use of 
bilateral behaviors in laterality quotients. Whereas some researchers choose to divide bilateral 
behaviors across left and right arms or hands (e.g., Corbetta & Thelen, 1999; Jacobsohn et al., 
2014), some exclude bilateral behaviors from laterality computations altogether (e.g., Babik et al., 
2014; Ferre et al., 2010; Kotwica et al., 2008; see Table 1). In most cases, this is because some 
studies have operationally defined lateralized movements based off of the use of one hand over 
another, meaning that lateralized movements cannot be bimanual by definition (e.g., Babik et al., 
2014). Some have pointed out that the use of bimanual acquisitions in computations can be 
helpful in pinpointing the degree of lateralization, but not if testing for reliable differences in 
hand preference (Ferre et al., 2010). Even still, some researchers report aspects of both methods 
of coupling and laterality (e.g., Corbetta, Williams & Snapp-Childs, 2006; Piek et al., 2002), and 
more recently, researchers have begun to compare the two measures of laterality and coupling 
(Babik et al., 2014).  
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Differences in the Number of Trials 
A fourth factor that can impact the number of observations is actually the number of data 
points obtained in the assessments themselves. Some researchers have used as few as three to 
four trials on a task to assess laterality at each visit (e.g., Jacobsohn et al., 2014; Morange-
Majoux et al., 2000), while others have used over 30 trials (e.g., Babik et al., 2014; Ferre et al., 
2010; Nelson, Campbell & Michel, 2013; see Table 1). There is an underlying assumption in the 
field that having a larger number of trials in studies on manual laterality assessments provides 
sufficient degrees of freedom for the way in which infants respond to the task. Ferre and 
colleagues argue that by utilizing more trials, the infant’s behavior was less likely to become 
biased from self-induced reactions to the task (2010). However, some researchers do not make 
use of trials at all and instead used a more ecological approach, where they time sessions to 
record infants’ spontaneous movements without objects (e.g., Piek et al., 2002), or their 
intentional manual behaviors with objects (e.g., Sgandurra et al., 2012; see Table 1). 
The Current Study 
As reviewed above, these methodological components can vary widely among 
researchers and inconsistencies among them often lead to debates as to what constitutes a valid 
measure of laterality in developmental studies. Here we aim to address whether some of these 
methodological variations can lead to differences in conclusions made about infant manual 
behaviors. We chose to examine both coupling and laterality. We defined coupling as either uni- 
or bimanual behaviors and laterality as the direction of a shift in manual behavior (left, right or 
bilateral). We assessed how different measures of handedness impacted both coupling and 
laterality quotients (CQs and LQs) within infants. We compared how CQs and LQs were 
affected if computed on (1) the first three versus the first eight trials, (2) retaining or removing 
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bilateral behaviors, and (3) reaching behavior versus grasping responses. We conducted analyses 
on these three comparisons by computing analyses first on all our longitudinal infant data 
combined. Then, we repeated analyses after dividing the data into three developmentally 
different groups based on estimated ages at the time of testing for manual laterality.  
We had several goals in this study. First, there has never been a systematic assessment of 
trial numbers and manual preference quotient scores, so we aimed to determine if using three 
trials could result in similar CQs and LQs as using eight trials. Previously, longitudinal research 
has successfully used three or four trials to assess developmental changes in laterality (Jacobsohn 
et al., 2014; Morange-Majoux et al., 2000), so we wanted to test if such few trials would result in 
differences in conclusions when compared to quotients computed from more trials.  
Additionally, we aimed to assess whether the act of retaining or removing bilateral 
behaviors when computing LQs would lead to dissimilar results. A previous study found that 
when bilateral acquisitions were retained or removed from computations, similar results were 
obtained (Michel et al. 2014). Here, we aimed to assess consistencies when bilateral reaches are 
removed from or retained in LQ computations. Similarly, we wanted to compare reaching and 
grasping behaviors to see if the use of one or the other could lead to dissimilar results. Past 
research has shown that reach and grasp do not always mirror each other (Corbetta, Thelen, & 
Johnson, 2000; Fagard & Pezé, 2007; Fagard, Spelke & von Hofsten, 2009). Reaching has been 
identified as an initial response of the motor system to an object in an environment (Corbetta, 
Thelen & Johnson, 2000), whereas grasps may be adjusted after infants gain tactile experience 
with a object (Corbetta & Snapp Childs, 2009). Therefore, we aimed to assess whether the 
respective CQs and LQs for reach and grasp were independent of one another.  
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Finally, we aimed to assess whether dividing our data into three developmental groups 
would show differences in compatibility for each of the three comparisons. Specifically, our goal 
was to determine whether the comparison of three versus eight trials would demonstrate little 
changes in the three developmental groups. Additionally, we also aimed to assess whether reach 
and grasp behaviors would become more congruent as infants aged in the three developmental 
groups. Infants’ first attempts to reach are indirect and variable (Corbetta & Thelen, 1995), but 
with experience, infants may begin control their reaching and grasping movements through 
practice in order to produce an effective approach to obtaining an object (Corbetta & Snapp 
Childs, 2009). Finally, we also aimed to assess whether the comparison between bilateral grasps 
being removed or retained would also become more congruent as infants got older and became 
more effective at grasping and obtaining objects unimanually. Although, previous research 
demonstrates that infants return to bimanual reaching at the end of their first year (Babik et al., 
2014; Corbetta & Bojczyk, 2002).  
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Part 2. Method 
Participants 
We performed secondary data analyses of 32 typically-developing infants (16 female) 
who participated in previous studies and pilots (Bojczyk & Corbetta, 2004; Corbetta & Bojczyk, 
2002; Corbetta et al., 2006; Snapp-Childs & Corbetta, 2009). Infants were followed 
longitudinally on a weekly and/or biweekly basis throughout the first and second year of life. 
Data collection time spans depended on the original study or pilot in which the infant 
participated. Therefore, infants began and ended observational visits at various times, making 
this investigation a sequential study. Infants were on average 7.3 months old (range = 6.0 to 8.9) 
when they visited the laboratory for their first session and were on average 11.6 months old 
(range = 8.0 to 16.8) when concluding at their last session (see Figure 1).  
Infants were recruited in the original studies via birth announcements published in the 
local newspaper and from parent referrals. Testing was completed in a university laboratory in a 
mid-sized north central city in the United States. Although racial and ethnic background 
information was not collected from parents, the majority of infants were of Caucasian descent. 
Parents voluntarily enrolled their infants in the study and consent forms were completed for all 
infants.  
Materials and Procedure  
Despite the fact that the original studies addressed different questions, they all followed 
identical procedures for reaching and grasping. For each visit, manual behavior tasks were 
completed with the infant’s caregiver in the room while the infant was securely fastened in a 
specially designed infant seat for 5- to 18-month-olds. The chair did not have armrests, but 
provided full trunk support and allowed free-range arm and leg movements. A 15-cm-wide 
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padded Velcro strap securely held infants around their torso and a small head pillow was used for 
cushion (see Figure 2). An experimenter sat in the floor in front of the infant and presented 
objects with one hand in the air at midline and shoulder height of the infant. Depending on the 
original study that the infant participated in, there were anywhere from 8-22 trials with objects of 
varying types and sizes. However, all infants were similarly presented eight or more single, small, 
brightly colored objects that measured 5 cm in diameter (e.g., balls, rubber toys). If infants did 
not reach or grasp the objects, the experimenter would use a small rattle to tap or brush the 
infant’s arms and legs in an attempt to regain the infant’s attention in the task.  
All behavioral coding was completed after experimental sessions through the use of video 
recordings. Most sessions utilized two cameras, placed on either side of the infant to record 
behaviors of the left and right arms. All manual data were recorded, coded, and stored as video 
segments on standard VHS tapes. Videos were recorded at a rate of 30 frames per second. The 
reaches were previously coded for 26 infants for use in other studies (Bojczyk & Corbetta, 2004; 
Corbetta & Bojczyk, 2002; Corbetta et al., 2006), so we completed reaching coding for the 
remaining 6 infants. Inter-rater reliabilities on 11.5% of the previously coded data were 83.6%. 
Inter-rater reliabilities on 26% of the previously uncoded subset of data for reaches were 85.7%. 
Grasps were coded for all 32 infants for the present analyses and inter-rater reliabilities on 23% 
of the all data for grasps were 97.4%.  
Data Grouping  
 In order to address developmental changes in the data and control for the fact that infants 
were followed over different spans depending on the studies, we split the infants into three 
groups based on their estimated ages at each visit. Group A contained data of infants followed 
from 6:3 to 8:3 (months:weeks) +/- 3 weeks. Group B contained infant data from 8:1 to 10:1 
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(months:weeks) +/- 3 weeks, and Group C contained infant data from 11:1 to 13:1 
(months:weeks) +/- 3 weeks. Group A infants were a different cohort of infants from those 
included in Groups B and C, which contained infants followed over a longer period than infants 
in Group A. Therefore, Groups B and C contained the same infants, but chronological data from 
Groups B and C never overlapped. Groups contained data of infants followed for 10-week time 
spans for each group. Infants were not included in a group unless they had at least 6 consecutive 
weeks within a group’s time span. All but one infant in Group B had later data in Group C and 
all but one infant in Group C had earlier data in Group B. Group A contained 16 infants, and 
Groups B and C both had 15 infants (see Figure 3).  
Reach Coding  
Reaches were defined by determining two criteria: object directedness that resulted in 
object contact, and the presence or absence of inter-limb co-activation (Corbetta & Thelen, 1996). 
Object directedness could be observed when the infants’ arm(s)/hand(s) were clearly moving in 
the direction of the target and ended up contacting the target object with one or both hands (i.e., 
the infant’s hand(s) touched the object). The reaching behavior also had to exhibit a pattern 
involving either a co-activation of both arms/hands, where both arms/hands were moving 
simultaneously in the direction of the object, or a lateral, alternated pattern of one arm/hand 
moving at a time. Reaching was only coded when successful hand contact with the target object 
occurred. In the event that an infant contacted the experimenter’s hand first, this event was still 
coded as a reach.  
Reaching patterns were characterized as uni- or bimanual and lateralized to the left or 
right arms/hands. The number of arms/hands (one or two) that an infant extended to reach for an 
object was used to categorize the presence or absence of coupling in uni- or bimanual reaches. A 
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reach was coded as a unimanual reach under two main circumstances: (1) if only one arm/hand 
was extended and contacted the object, as in a right unimanual reach (abbreviated ‘R’), or a left 
unimanual reach (abbreviated ‘L’), or (2) if one arm/hand was extended and contacted the object 
and the other arm/hand only moved slightly (i.e., less than halfway) towards the object, as in a 
right unimanual reach with a slight left reach (abbreviated ‘B/r’), or a left unimanual reach with a 
slight right reach (abbreviated ‘B/l’). A reach was coded as a bimanual reach under two main 
circumstances: (1) both arms/hands were extended toward the object and made contact with the 
object at exactly the same time (abbreviated ‘Bb’), or (2) both arms/hands were extended toward 
the object in a significant co-activated movement but only one hand made contact with the object, 
as in a right-led bimanual reach (abbreviated ‘Br’), or a left-led bimanual reach (abbreviated 
‘Bl’).  
The arm (left, right, or both) that an infant extended to reach for an object was used to 
categorize lateralized reaches. A reach was coded as left lateralized if the left hand (1) was the 
first hand to make contact with the object or (2) was the only hand to make contact with the 
object (i.e., ‘L,’ ‘B/l,’ ‘Bl’). Similarly, a reach was coded as right lateralized if the right hand (1) 
was the first hand to make contact with the object, or (2) was the only hand to make contact with 
the object (i.e., ‘R,’ ‘B/r,’ ‘Br’) A reach was only coded bilateral if both hands contacted the 
object at exactly the same time (i.e., ‘Bb’). This meant that a reach could be considered both 
bilateral and bimanual, but bimanual reaches were not necessarily bilateral reaches.  
Grasp Coding 
Grasping was only coded when an infant maintained control over the object 
independently from the support of the experimenter’s hand (i.e., the infant had to acquire the 
object from the experimenter and remove the object from the experimenter’s grasp all while 
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maintaining control of the object). Grasping patterns were also characterized on the basis of uni- 
and bimanual and left or right lateralized. The number of arms with which an infant obtained 
control of the object (one or two) determined uni- or bimanual grasps, and the arm (left, right, or 
both) that an infant used to obtain control over the object was used to categorize lateralized 
grasps.  
A grasp was coded as a unimanual grasp under two conditions: (1) if only one hand was 
touching the object when the infant removed the object from the experimenter’s hand, and (2) the 
single hand was successful in maintaining contact and control over (i.e., not dropping) the object 
for at least 2 frames in the video after it was clearly removed from the experimenter’s hand.  
A grasp was coded as a bimanual grasp under two conditions: (1) if both hands were touching 
the object at the same time when the infant removed the object from the experimenter’s hand, 
and (2) both hands were successful in maintaining contact and control over (i.e., not dropping) 
the object for at least 2 frames in the video after it was clearly removed from the experimenter’s 
hand. The arm (left, right, or both) that an infant used to grasp an object was used to categorize 
lateralized grasps. A grasp was coded as left lateralized if (1) the left hand was the only hand 
making contact with the object when the infant removed the object from the experimenter’s hand, 
and (2) the left hand was successful in maintaining contact and control over (i.e., not dropping) 
the object for at least 2 frames in the video after it was clearly removed from the experimenter’s 
hand (abbreviated ‘L’). Similarly, a grasp was coded as right lateralized if (1) the right hand was 
the only hand making contact with the object when the infant removed the object from the 
experimenter’s hand, and (2) the right hand was successful in maintaining contact and control 
over (i.e., not dropping) the object for at least 2 frames in the video after it was clearly removed 
from the experimenter’s hand (abbreviated ‘R’). A grasp was coded bilateral if (1) both of the 
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infants’ hands were in contact with the object when the infant removed the object from the 
experimenter’s hand, and (2) the infant maintained control over the object (i.e., without dropping 
it) for at least 2 frames in the video after it was clearly removed from the experimenter’s hand 
(abbreviated ‘B’). This meant that when a grasp was considered bilateral, it was always 
considered bimanual as well, and vice versa.  
In order for any given week to be included for a given infant, the infant had to have 
demonstrated at least six successful reaches and grasps for that week. Only trials with paired data 
for both reaches and grasps were included in the analysis (i.e., trials where an infant reached but 
did not grasp were not included). This was because we computed CQs and LQs for both reaching 
and grasping behaviors for each week and we wanted each computation to use an equivalent 
number of trials. Weeks with at least six trials of reach-grasp pairs were lumped into the analyses 
concerning eight trials. The only time a week did not have at least six trials in the analyses was in 
the bilateral behaviors removed versus retained comparison for LQs in eight trials.  
There were a total of 4,059 reach-grasp eight-trial pairs (with at least 6 trials per week) 
for all infants combined. When we removed bilateral behaviors from the computations, we ended 
up removing a great deal of the data for some infants. Out of all of the trials in weeks with at 
least 6 trials, 294 of those trials were bilateral reaches (‘Bb’), and 1,441 of those trials were 
bilateral grasps (‘B’). This meant that for the reaches, bilateral reaches (‘Bb’) made up 7.2% of 
the total data. For the grasps, bilateral grasps (‘B’) made up 35.5% of the total data. If we used 
the rule above that states that only weeks with at least six trials could be included, we would 
have only been able to use 169 trials for reaches (57.5% of all bilateral reaches) and 151 trials for 
grasps (10.5% of all bilateral grasps). Therefore, we included all trials for bilateral behaviors, 
except for those within weeks where all trials (100%) were bilateral reaches (‘Bb’) or all trials 
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(100%) were bilateral grasps (‘B’). This left us with 294 trials of reaches (100% of all bilateral 
reaches) and 992 trials for grasps (68.8% of all bilateral grasps) for the included weeks.  
However, some infants still could not be included in the analyses due to lack of data after 
bilateral behaviors were removed. In the analyses with all infants, 2 infants were excluded from 
grasp computations because of the large amount of data that was deleted from the grasps (i.e., 
each of the 2 infants had fewer than 6 weeks in their complete longitudinal data, so they had to 
be removed from the analyses). Furthermore, 5 infants in Group A and 1 infant in Group B could 
not be included for computations involving the grasp, also because of the large deletion of data 
when bilateral behaviors were removed (i.e., each of those infants had fewer than 6 weeks within 
their time window for group longitudinal data, so they had to be removed from the analyses). No 
infants from Group C had to be excluded due to lack of data from the bilateral removed versus 
retained comparison.  
For each week, behaviors were divided into two groups: reach and grasp. For both reach 
and grasp, three types of computations were performed and labeled (see Table 2). CQs and two 
types of LQs were computed for both reach and grasp. Two types of LQs were computed for the 
purposes of comparison. One set of computations (1) retained bilateral reaches (‘Bb’) and grasps 
(‘B’), and (2) lumped left- and right-biased bilateral reaches (‘Bl’ and ‘Br’) into bilateral reaches 
(‘Bb’) (similar measures used in Corbetta & Thelen, 1999; Jacobsohn et al., 2014). The other set 
of computations classified each movement as left- or right-handed, and (1) removed bilateral 
reaches (‘Bb’) and grasps (‘B’), and (2) lumped left- and right-biased bilateral reaches (‘Bl’ and 
‘Br’) into left- and right-lateralized reaches (‘R,’ ‘B/r,’ ‘Br,’ and ‘L,’ ‘B/l,’ ‘Bl’) (similar 
measures used in Babik et al., 2014; Ferre et al., 2010). Table 2 shows both an abbreviated 
formula for each computation and a fully extended version that includes all of the abbreviations 
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that we used to code reaches and grasps and where they were used within each of the formulas. 
There were a total of 10 computations that we calculated for each week in order to compare 
systematically (see Figure 4 and Table 3 for example).     
Steps of Analyses  
We set up the computations in such a way that we could make the comparisons by 
holding some aspects of the comparison constant and manipulating one aspect of each 
comparison at a time. In the comparisons of three versus eight trials, we had a total of four sub-
comparisons. We compared three-trial versus eight-trial reaching CQs, reaching LQs, grasping 
CQs, and grasping LQs. The comparison of bilateral behaviors removed versus retained had only 
two sub-comparisons, which were both for LQs in the first eight trials. We compared bilateral 
behaviors removed versus retained in reaches and grasps. Similarly to the three versus eight trials 
comparisons, the comparisons of reach versus grasp also had a total of four sub-comparisons. We 
compared reach versus grasp CQs for the first three trials, LQs for the first three trials, CQs for 
the first eight trials, and LQs for the first eight trials. 
Spearman Correlations. In order to determine how much concordance there was 
between quotients derived from the first three versus the first eight trials, between quotients with 
bilateral reaches removed or retained, and between reach and grasp quotients, we first ran 
Spearman correlations. This allowed us to quantify the trajectory and overall shape of the 
developmental curves within each of the three comparisons (for examples from infant MW 
containing the full developmental trajectory for each of the three comparisons, see Figures 5, 6, 
and 7; for an example from infant MW containing developmental groups, see Figure 8).  
Absolute Differences. The Spearman correlations indicated how much the respective 
computations related to each other, but they could not demonstrate how close the trajectories 
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were, or how much the developmental curves overlapped. Thus, we also assessed a numerical 
distance between curves for each of the three comparisons. We calculated absolute differences 
within CQs and LQs computed for the first three versus the first eight trials, when bilateral 
reaches and grasps were removed versus retained, and for reach versus grasp (for examples with 
infant data from the three developmental groups, see Figures 9 and 10).  
Classification Proportion Agreements. Additionally, in order to assess consistency of 
LQ and CQ classifications between measures, we transformed all quotients into z-scores (Michel 
et al., 1985; Michel et al., 2002), so that we could analyze strength and direction concordance 
(for an example from infant MW containing the full developmental trajectory, see Figure 11; for 
an example from infant MW containing developmental groups, see Figure 12). For each pair of 
curves, we identified how many pairs of data points would lead to identical classifications. 
Strength agreements were considered significant if z ≥ ±1.65, or non-significant if z < ±1.65. 
Laterality quotients that were transformed into z-scores with values over 1.65 were considered to 
show a significant right hand preference and those with a value under -1.65 were considered to 
have significant left hand preferences. Values between 1.64 and -1.64 had no sign of 
significantly lateralized hand preference. Strength agreements were met if two compared values 
were above the z ≥ ±1.65 threshold. Direction agreements referred to the sign of the quotient (i.e., 
positive or negative), and agreements were met if both calculations were either positive or 
negative. For example, values of -1.68 and 2.25 would be in agreement for strength, but not for 
direction. For strength agreements, values of zero were scored as no preference and were 
considered in agreement with other numerical values of no preference. For example, values of 
0.00 and -0.28 were considered in agreement with one another for strength. However, for 
direction agreements, values of zero were scored in agreement only with other zeros. These 
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classification proportion agreements provided us with a degree of classification concordance 
between measures (for examples with infant data from the three developmental groups, see 
Figures 13 and 14).  
Within Group Tests. To further detect differences within each of the three main 
comparisons for each group, we conducted Wilcoxon signed ranks tests between sub-
components of each of the three main comparisons: (1) the first three versus the first eight trials, 
(2) retaining or removing bilateral behaviors for LQ computation, and (3) reaching behavior 
versus grasping responses. For the comparison between the first three versus the first eight trials, 
we conducted Wilcoxon signed ranks tests to detect potential differences between CQs and LQs 
obtained for reaching versus grasping. For the comparison between bilateral behaviors removed 
versus retained, we conducted Wilcoxon signed ranks tests to compare LQs obtained for 
reaching versus grasping. Lastly, for the comparison between the reach versus grasp, we 
conducted Wilcoxon signed ranks tests to detect potential differences between CQs and LQs 
obtained for three- and eight-trial measures.  
Between Group Tests. To test for developmental changes across the three groups of 
infants, we utilized nonparametric testing. Because Group A infants were a different cohort of 
infants from those included in Groups B and C, Mann-Whitney tests were used to compare 
Groups A and B and Groups A and C, and a Wilcoxon signed ranks test was used to compare 
infant data from Groups B and C. These between group comparisons were conducted on one data 
point for each infant for each type of test: (1) Spearman correlation coefficient mean, (2) 
absolute difference mean, (3) proportion agreement for z-score strength agreement mean, and (4) 
proportion agreement for z-score direction agreement mean. These four between group 
comparisons were conducted for each of the main three comparisons for CQs and LQs in (1) the 
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first three versus the first eight trials, (2) retaining or removing bilateral behaviors for LQ 
computation, and (3) reaching behavior versus grasping responses. 
Wilcoxon Signed Ranks Tests. Finally, we conducted Wilcoxon signed ranks tests to 
assess whether population ranks differed. Wilcoxon signed ranks tests were performed on 
weekly data and each of the two related samples were from each of the main three comparisons 
for CQs and LQs in (1) the first three versus the first eight trials, (2) retaining or removing 
bilateral behaviors for LQ computation, and (3) reaching behavior versus grasping responses.  
Spearman correlations, absolute differences, z-score classification proportion agreements, 
and Wilcoxon signed-ranks tests within CQs and LQs were performed on all of the infants 
together, then again on all three separate developmental groups of infants.  
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Part 3. Results  
We determined how CQs and LQs were affected if computed on (1) the first three versus 
the first eight trials, (2) retaining or removing bilateral behaviors for LQ computation and (3) 
reaching behavior versus grasping responses. We analyzed each of these three comparisons on a 
full set of 32 infants all together and again on the same data from 32 infants broken down into 
three developmental sub-groups based on their estimated ages. Results are discussed by 
comparison and in order. 
Comparison of the First Three Versus the First Eight Trials  
Spearman Correlations within CQs and LQs. Spearman correlations within CQs and 
LQs on all infants revealed that the full developmental trajectories for three versus eight trials 
had a high percentage of significant p-values (range = 90.7%–96.9% significant, rs Mdn range 
= .82–.86, SD range = .10–.13; see Table 4). Both CQs (96.9% and 90.7% significant, rs Mdn 
= .84 and .83, SD = .12 and .13) and LQs (93.8% and 96.9%, rs Mdn = .86 and .82, SD = .12 
and .10) were relatively high for three versus eight trials for reach and grasp, respectively.  
When the infants were divided into the three groups, Spearman correlations failed to run 
on the comparison of three- versus eight-trial reach CQs and three- versus eight-trial reach LQs 
for Group A, infant SK due to lack of variability in two of the variables. Therefore, those two 
comparisons were conducted with a total of 15 infants and the other two three- versus eight-trial 
comparisons had 16 infants for Group A (see Table 4). To test for differences between groups, 
Wilcoxon tests comparing the mean correlation coefficients for all three groups for three-trial 
reaches compared to eight-trial reaches were not significantly different from each other. This was 
also true for grasps. Additionally, between-group Mann-Whitney and Wilcoxon signed ranks 
tests revealed that for Spearman correlations measured over the developmental time period 
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captured across Groups A, B, and C, the comparison of three versus eight trials for both reaching 
and grasping did not significantly change for CQs or LQs.  
Absolute Differences within CQs and LQs. When the comparison of three versus eight 
trials was conducted on the full set of infants all together, it resulted in small absolute differences 
(M range = .15–.23, SD range = .06–.10; see Table 4). Within the comparison of three versus 
eight trials, reaching absolute differences (M = .23 and .15, SD = .09 and .06) did not appear to 
be different from grasping absolute differences (M = .22 and .19, SD = .09 and .10). CQ 
differences for reach and grasp tended to be larger (M = .23 and .22, SD = .09 and .09, 
respectively) than LQ differences for reach and grasp (M = .15 and .19, SD = .06 and .10, 
respectively). To verify these relationships, we further investigated these trends in the three 
groups of infants.  
When the same analysis was conducted on each of the three groups of infants, no 
developmental patterns emerged. Between-group Mann-Whitney and Wilcoxon signed ranks 
tests revealed that for absolute differences measured over the three groups, the comparison of 
three versus eight trials for both reaching and grasping did not significantly change for CQs or 
LQs (for example, see Figure 9). Within the reach and grasp sub-comparisons, Wilcoxon tests 
comparing the absolute differences for all three groups for three-trial reaches and grasps 
compared to eight-trial reaches and grasps were not significantly different from each other.  
Classification Proportion Agreements within CQ and LQ Z-scores. In the first 
proportion agreement analysis for all infants together, the proportion of agreements in 
classification was high for strength in comparisons between three versus eight trials (M range 
= .78–.84, SD range = .10–.12; see Table 4). Within strength measures for three versus eight 
trials, reach (M = .78 and .84, SD = .11 and .11) and grasp (M = .82 and .81, SD = .10 and .12) 
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classification proportion agreements were also fairly equivalent. Similar patterns were observed 
with direction (reach: M = .86 and .82, SD = .10 and .11; grasp: M = .86 and .83, SD = .11 
and .11). These trends were further investigated in each of the three developmental groups.  
Classification proportion agreements were also conducted on each of the three split 
developmental groups. Between-group Mann-Whitney and Wilcoxon signed ranks tests revealed 
that for classification proportion agreements within CQ and LQ z-scores measured over the three 
groups, the comparison of three versus eight trials for both reaching and grasping did not 
significantly change in time (for example, see Figure 13). The only two exceptions to this were 
detected in the classification proportion agreements for LQ strength in Mann-Whitney 
comparisons between Groups A and B and Groups A and C. In the comparison of Group A to 
Group B, there was a significant drop in the proportion of LQ grasp strength agreements from 
Group A to Group B (Group A: M = .88, SD = .10; Group B: M = .74, SD = .11; p < .003). In the 
comparison of Group A to Group C, there was also a significant drop in the proportion of LQ 
grasp strength agreements from Group A to Group C (Group A: M = .88, SD = .10; Group C: M 
= .79, SD = .15; p < .001). Within three-trial versus eight-trial reach and grasp comparisons, 
Wilcoxon tests comparing the classification proportion agreement for all three groups for three-
trial reaches and grasps compared to eight-trial reaches and grasps were not significantly 
different from each other. 
Wilcoxon Signed Ranks Tests within CQs and LQs. Wilcoxon signed ranks analyses 
were used to detect differences between three-trial and eight-trial reaches and grasps. For all 
infants together, the comparison of three versus eight trials for all infants had low percentages of 
significant differences between three versus eight trials for both CQs and LQs. However, 
significant differences between CQs were more commonly found than between LQs (CQs = 
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10.9% significant, Z range = -.141– -2.924; LQs = 3.1% significant, Z range = -.119– -2.908; see 
Table 4).  
When conducted on all three split developmental groups of infants, Wilcoxon signed 
ranks tests revealed significant differences between three versus eight trials more commonly in 
Group B than in Groups A and C. This was true for CQs (Group A: 6.3% significant, Z range = -
.106– -2.201; Group B: 13.3% significant, Z range = -3.14– -2.214; Group C: 6.7% significant, Z 
range = -.105– -2.124) and LQs (Group A: 0.0% significant, Z range = .000– -1.826; Group B: 
13.3% significant, Z range = -3.16– -2.214; Group C: 3.3% significant, Z range = -.272– -2.453; 
see Figure 15A).  
Overall for each of the three groups, the Spearman correlations showed high agreement, 
indicating that the comparison of three versus eight trials was significantly related and very 
concordant. There were low distances between measures in the absolute differences, and the 
classification proportion agreements were similar in terms of agreement. Wilcoxon signed ranks 
tests revealed low differences between the measures and an overall flat trajectory across the 
groups, indicating similar trends over time (see Figure 16A). 
Comparison of Retaining or Removing Bilateral Behaviors  
Spearman Correlations within LQs. The first analysis on all infants revealed that the 
full developmental trajectories for bilateral behaviors removed versus retained had high 
percentages of significant p-values (87.5% and 86.7% significant, rs Mdn = .75 and .81, SD = .15 
and .17; see Table 5). There did not appear to be any consistent differences in bilateral behaviors 
removed versus retained for reach or grasp, but these observations were further investigated in 
the three developmental groups.  
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Spearman correlations failed to run on the comparison of bilateral removed versus 
retained for grasp for one infant in both Group A (infant GC) and Group B (infant MG) due to 
lack of variability in one of the variables. Also, Spearman correlations were not conducted for 
bilateral grasps removed versus retained for two infants in the main analysis of all infants, five 
infants in Group A, and one infant in Group B. This was because when we removed bilateral 
grasps, all trials (100%) were excluded for multiple weeks and the number of weeks fell below 
the cutoff (i.e., minimum of six weeks necessary for each infant for inclusion in any analysis). 
This means that for the bilateral versus removed comparison, the analysis with all infants utilized 
all 32 infants for reach and 30 for grasp. Group A had all 16 infants for reach, and 10 for grasp, 
Group B had all 15 infants for reach and 13 for grasp, and Group C had all 15 infants for reach 
and grasp bilateral removed versus retained comparisons (see Table 5).  
When Spearman correlations were conducted on the three groups of infants, no 
significant differences were observed. Wilcoxon tests comparing the mean correlation 
coefficients for all three groups for bilateral behaviors removed versus retained were not 
significantly different from each for the sub-comparisons of reaches and grasps. Additionally, 
Mann-Whitney and Wilcoxon signed ranks tests did not detect any significant differences 
between developmental groups.   
Absolute Differences within LQs. When the comparison of bilateral behaviors removed 
versus retained was conducted on the full set of infants all together, results demonstrated LQ 
differences were higher for reach (M = .33, SD = .16) than grasp (M = .27, SD = .18; see Table 5). 
These trends were further investigated using the three developmental groups.  
Absolute differences were also measured for each of the three groups of infants. Mann-
Whitney and Wilcoxon signed ranks tests detected no significant differences between groups 
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(see Table 5; for example, see Figure 10). Within bilateral behaviors removed versus retained for 
reach and grasp comparisons, Wilcoxon tests comparing the absolute differences for all three 
groups were not significantly different from each other for Group A (reach M = .39, SD = .20; 
grasp M = .35, SD = .22; p = ns). In Group B, absolute differences between bilateral behaviors 
removed versus retained were significantly higher for reach than for grasp LQs (reach M = .32, 
SD = .13; grasp M = .21, SD = .12; p < .005). This was also true for Group C LQs (reach M = .23, 
SD = .12; grasp M = .14, SD = .12; p < .001).  
Classification Proportion Agreements within LQ Z-scores. In the first classification 
proportion agreement analysis for all infants together, the classification proportion of agreements 
in classification was fairly low in strength in comparisons between bilateral behaviors removed 
versus retained (M = .68 and .88, SD = .16 and .10). Additionally, comparisons between bilateral 
behaviors removed versus retained seemed to have lower concordances for strength (M = .68 
and .88, SD = .16 and .10) than for direction (M = .73 and 1.00, SD = .22 and .00). Reaching LQs 
seemed to have lower classification proportion agreements for strength and direction (M = .68, 
SD = .16 and M = .73, SD = .22, respectively) than for strength and direction of grasp LQs (M 
= .88, SD = .10 and M = 1.00, SD = .00, respectively). These potential differences were further 
investigated in the three developmental groups.  
Classification proportion agreements were also conducted on each of the three split 
developmental groups (see Table 5). Mann-Whitney and Wilcoxon signed ranks tests detected no 
significant differences between groups. However, within each group, reach LQs for both strength 
and direction were significantly lower in classification proportion agreement (M range = .64–.79, 
SD = .16–.22) than grasp LQs (M range = .85–.94, SD = .11–.12) for bilateral behaviors removed 
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versus retained (Group A strength p < .007, direction p < .012; Group B strength p < .012, 
direction p < .002; Group C strength p < .004, direction p < .002).  
Wilcoxon Signed Ranks Tests within LQs. Using Wilcoxon signed ranks analysis, the 
comparison between bilateral behaviors removed versus retained for all infants revealed a 
relatively high percentage of significant LQ p-values (24.2% significant, Z range = -.201– 2.763; 
see Table 5). When conducted on all three split developmental groups of infants, Wilcoxon 
signed ranks tests for reach and grasp LQs revealed slight differences between the groups. There 
was a lower percentage of statistically significant differences between bilateral behaviors 
removed or retained for infants in Group A than in Groups B and C (Group A: 3.7% significant, 
Z range = -.338– -2.117; Group B: 17.2% significant, Z range = -.059– -2.527; Group C: 13.3% 
significant, Z range = -.140– -2.527; See Figure 15B). 
Overall for each of the three groups, the Spearman correlations between bilateral 
behaviors removed versus retained showed moderate agreement. There were moderate distances 
between measures in the absolute differences, and the classification proportion agreements 
revealed lower absolute differences and higher agreement for grasp than for reach. Wilcoxon 
signed ranks tests revealed low differences between the measures and an overall flat trajectory 
across the groups, also indicating similar trends over time (see Figure 16B). 
Comparison of Reaching Behavior Versus Grasping Responses  
Spearman Correlations within CQs and LQs. Spearman correlations within CQs and 
LQs for all infants for reach versus grasp trials had a high percentage of significant p-values 
(range = 81.3%–96.9% significant, rs Mdn range = .72–.85, SD range = .17–.20; see Table 6). 
Analyses did not reveal major differences in three-trial or eight-trial CQs (81.3% and 81.3% 
significant, rs Mdn = .72 and .77, SD = .20 and .19), but LQs from three trials seemed to have 
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more infants with significant reach versus grasp correlations (96.9% significant, rs Mdn = .84, 
SD = .15) than those from eight trials (81.3% significant, rs Mdn = .85, SD = .17). These trends 
were further tested in the three developmental groups of infants.  
When Spearman correlations were conducted on the three groups of infants, some failed 
to run on the comparison of three trial coupling for reach versus grasp and three-trial LQs for 
reach versus grasp for one infant in Group A (infant SK), due to lack of variability in two of the 
variables. Therefore, those two comparisons were conducted with a total of 15 infants and the 
other two reach versus grasp comparisons had 16 infants for Group A (see Table 6).  
Mann-Whitney and Wilcoxon signed ranks tests were used to analyze between-group 
differences. Across the three developmental groups, no differences in reach versus grasp 
Spearman correlation values were observed. Within reach and grasp comparisons, Wilcoxon 
tests between the mean Spearman correlation coefficient for all three groups for sub-comparisons 
of three versus eight trials were not significantly different from each other. 
Absolute Differences within CQs and LQs. When absolute differences of reach versus 
grasp were measured for the full set of infants all together, results demonstrated the reach versus 
grasp comparison had fairly high ranges of differences (M range = .16–.35, SD range = .07–.20; 
see Table 6). Within the comparison of reach versus grasp, CQs for three and eight trials tended 
to be larger in absolute differences (M = .35, SD = .20; M = .34, SD = .17, respectively), 
compared to LQ differences for three- and eight-trial reaches versus grasps (M = .18, SD = .08; 
M = .16, SD = .07, respectively). Further tests were also conducted using the three groups.  
Between-group Mann-Whitney and Wilcoxon signed ranks tests revealed that when reach 
versus grasp absolute differences were computed on each of the three groups of infants, no 
developmental pattern emerged. Within reach and grasp comparisons, Wilcoxon tests comparing 
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the mean absolute difference for all three groups for three-trial and eight-trial CQs and LQs were 
not significantly different from each other. 
Classification Proportion Agreements within CQ and LQ Z-scores. When 
classification proportion agreement analyses were conducted for all infants together, the 
proportion of agreements in the reach versus grasp comparison was somewhat low (M range 
= .67–.88, SD range = .08–.16; see Table 6). Additionally, within strength measures for reach 
and grasp comparisons, three- and eight-trial CQs (M = .70, SD = .16; M = .67, SD = .16) and 
LQs (M = .88, SD = .08; M = .87, SD = .09) classification proportion agreements were fairly 
equivalent. However, this pattern was not observed for direction agreements, which all seemed 
similar in proportion (M range = .77–.82, SD range = .13–.14). These differences were also 
investigated in the three developmental groups.  
Classification proportion agreements were also conducted on each of the three split 
developmental groups (see Table 6). Between-group Mann-Whitney and Wilcoxon signed ranks 
tests revealed that strength and direction agreements for reach versus grasp were not statistically 
different among infants in Groups A, B, or C (for example, see Figure 14). The only exception to 
this was the mean direction classification proportion agreement between Groups A and B. The 
Wilcoxon test revealed that Group A three-trial reach versus grasp direction agreements for CQs 
(M = .88, SD = .12) were statistically different from Group B three-trial reach versus grasp 
direction agreements (M = .73, SD = .19; p < .002). Within reach and grasp comparisons, 
Wilcoxon tests comparing the mean strength and direction classification proportion agreement 
for all three groups for three-trial and eight-trial CQs and LQs were not significantly different 
from each other.  
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Wilcoxon Signed Ranks Tests within CQs and LQs. The comparison of reach versus 
grasp was also analyzed for all infants with Wilcoxon signed ranks tests (see Table 6). These 
tests revealed a high percentage of instances where infant data showed significant differences 
between CQs and LQs for reach and grasp (CQs = 57.8% significant, Z range = .000– -3.874; 
LQs = 18.8% significant, Z range = -.135– -2.936). For Wilcoxon analyses on all infants, reach 
versus grasp CQs were more statistically significantly different in a higher percentage of infants 
than were LQs.  
When conducted on all three split developmental groups of infants, Wilcoxon signed 
ranks tests between reach versus grasp for CQs and LQs revealed slight differences between the 
groups. The percentage of significant p-values for CQs rose in each group for three- and eight-
trial comparisons (Group A: 18.8% significant, Z range = -.105– -2.536; Group B: 30.0% 
significant, Z range = -1.000– -2.670; Group C: 43.3% significant, Z range = -1.121– -2.552). In 
contrast, LQs showed a low, flat developmental trajectory (Group A: 6.3% significant, Z range 
= .000– -2.207; Group B: 10.0% significant, Z range = .000– -2.530; Group C: 10.0% significant, 
Z range = .000– -2.236; see Figure 15C). 
Overall for each of the three groups, the Spearman correlations between reach versus 
grasp showed moderate agreement. There were moderate distances between measures in the 
absolute differences, moderate concordance in classification proportion agreements. Wilcoxon 
signed ranks tests revealed a low, flat trajectory between LQ measures and CQs seemed to 
become more different in each group (see Figure 16B). 
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Part 4. Discussion 
In this study, we assessed how various methodological components of longitudinal 
studies of hand preference could impact the results obtained. We measured how handedness 
measures of both CQs and LQs were impacted within infants. We compared how CQs and LQs 
would be affected if computed on (1) the first three versus the first eight trials, (2) retaining or 
removing bilateral behaviors for LQ computation, and (3) reaching behavior versus grasping 
responses. To investigate these comparisons, we performed Spearman correlational analyses 
within CQ and LQ scores, absolute difference computations between CQ and LQ scores, 
calculated classification proportion agreements among CQs and LQs transformed into z-scores, 
and conducted Wilcoxon signed ranks tests to test differences within CQs and LQs. These 
analyses were first completed on group data across the developmental time span of data 
collection, then again after all infants were divided into three groups based on their estimated 
ages in order to investigate changes in the comparisons over time.  
Comparison of the First Three Versus the First Eight Trials  
Spearman correlations, absolute differences, classification proportion agreements and 
Wilcoxon signed ranks analyses within CQs and LQs all revealed that the values obtained for 
three versus eight trials were highly concordant, and that concordance remained relatively high 
and stable in most cases across the three developmental groups (see Figure 15A). Based on these 
findings, it appears that the comparison of three versus eight trials may only produce minor 
differences and the use of either approach can result in similar CQ and LQ conclusions. This 
finding may validate prior research that has used fewer than eight trials at each visit to assess 
manual laterality. However, to increase statistical power and to reduce sampling error and bias, it 
may be better to use more than three trials to assess coupling or laterality. Further analyses 
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should also be conducted to compare results from three, eight, and even more trials, as some 
studies in the literature have used over 30 trials (e.g., Babik et al., 2014; Ferre et al., 2010; 
Nelson et al., 2013).  
Comparison of Retaining or Removing Bilateral Behaviors  
Spearman correlations, absolute differences and classification proportion agreements 
revealed that comparing LQs for bilateral behavior removed versus retained had moderate 
differences. Spearman correlations did not reveal any consistent differences in bilateral behaviors 
removed or retained for reach or grasp, but some absolute differences and proportion agreement 
calculations indicated that when bilateral behaviors were removed or retained from the reach, 
results were statistically less concordant than when removed or retained from the grasp. 
Wilcoxon signed ranks analyses between LQs found that when bilateral behaviors were removed 
versus retained for reach or grasp, there was a higher percentage of significant laterality 
differences with age, such that Group A had the most concordance and Groups B and C became 
more statistically different (see Figure 15B).  
 Results from the comparison of bilateral behaviors removed versus retained should be 
treated with caution. This is due to the fact that in order to have performed analyses on the 
comparison of bilateral behaviors removed versus retained, we had to include all trials except for 
those within weeks where all trials were bilateral reaches (‘Bb’) or all trials were bilateral grasps 
(‘B’). This left us with 294 trials of reaches (100% of all bilateral reaches) and 992 trials for 
grasps (68.8% of all bilateral grasps) for included weeks. We assume that by removing bilateral 
behaviors from weekly computations, this led to a more lateralized final quotient, because any 
bilateral reaches and grasps were thrown out completely (see Table 2). Especially in weeks with 
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no remaining data (i.e., weeks with 100% bilateral reaches or grasps), this created problems in 
directly comparing results for this comparison of bilateral behaviors removed versus retained.  
Furthermore, we also saw some differences across the age groups. Five infants in Group 
A and one infant in Group B could not be included for computations involving the grasp, due to 
the large deletion of data when bilateral behaviors were removed. However, no infants from 
Group C had to be excluded for this reason (see Table 5). This indicates that the younger 
participants had to be excluded more commonly than the older participants. Therefore, 
depending on the ages of the infants in a study, either removing or retaining bilateral behaviors 
could have different effects on the results.  
Our steps of analyses demonstrated results that were contradictory to each other, 
especially within the Wilcoxon signed ranks tests. For the Wilcoxon tests, if there was data for 
bilateral behaviors retained but not for bilateral behaviors removed, then the Wilcoxon signed 
ranks test would not run for that matched pair. Only weeks that were originally more lateralized 
were not as affected by the removal of bilateral behaviors. Therefore, weeks with more bilateral 
behaviors were very likely to have missing data, which could have made them appear more 
similar after the Wilcoxon tests were conducted. In the Wilcoxon signed ranks tests, each test 
performed was evaluated separately for missing values, so the comparisons between reach and 
grasp bilateral behaviors removed versus retained were independent from each other. We had to 
exclude many more trials from grasps than reaches, so we think this may be the reason why 
Wilcoxon signed ranks analyses detected a higher percentage of significant differences for reach 
than for grasp for all infants.  
Based on these findings, we can cautiously conclude that either opting to remove or 
retain bilateral behaviors may potentially affect the ability to infer similar conclusions. If we had 
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used strict inclusion criterion for the number of trials in each week after bilateral behaviors were 
removed, we would only have been able to use 181 trials for reaches (61.6% of all bilateral 
reaches) and 176 trials for grasps (12.2% of all bilateral grasps) for included weeks. As 
mentioned above, we did not take this approach because of the limited dataset that it would have 
left us to assess. Based on these calculations, it appears that the criterion for bilateral behaviors 
removed versus retained comparison affect reaches and grasps in a different way, because there 
were far more bilateral reaches that met strict inclusion criterion than bilateral grasps. This may 
indicate that reach and grasp behaviors are affected differently when bilateral behaviors are 
removed or retained, and thereby should be thought of as independent behaviors. Furthermore, 
when the bilateral reaches and grasps are included and divided between the two lateral sides in 
the bilateral behaviors retained comparison, dramatic deletions of data were wholly avoided (see 
Table 2 for formulas).  
Comparison of Reaching Behavior Versus Grasping Responses  
Spearman correlations, absolute differences, and classification proportion agreements 
revealed that comparing reaches versus grasps does not result in strong concordance. Wilcoxon 
signed ranks tests within CQs revealed that reaching and grasping behaviors resulted in 
significantly different outcomes for a large percentage of infants, however, LQs did not appear to 
be as significantly different (see Figure 15).  
Developmental changes in CQs for reach versus grasp behaviors between groups showed 
an increasing percent of significant differences between reach and grasp with age (see Figure 15). 
This increase in the percent of significant differences between reach and grasp CQs could 
correspond to postural changes such as crawling, standing or walking onset for most infants. 
Previous research has demonstrated that fluctuations in unimanual and bimanual hand use can be 
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related to crawling, cruising, or walking ability (Atun-Einy et al., 2014; Babik et al., 2014; 
Corbetta & Bojczyk, 2002; Corbetta & Thelen, 2002; Epps et al., 2012). Furthermore, recent 
cross-sectional work suggests that brain reorganization occurs in relation to walking experience 
in 12-month-olds and leads to concomitant changes in manual laterality, such that 12-month-olds 
with more walking experience demonstrated stronger lateralized right-hand preferences than 
non-walking and novice walking 12-month-olds (Corbetta, Friedman, & Bell, 2014). For future 
analyses, we are interested in factoring in the motor skill of the infants in order to explain these 
differences in the group data.  
Based on these findings, we can conclude that when researchers make statements about 
reaching behaviors, their findings may not generalize to grasping behaviors, even if they are both 
involved in the same action. We think that these differences between reaching versus grasping 
behaviors reflect different stages in the movement planning of the child. Specifically, we view 
the reach as the initial intent at the beginning of the movement towards an object (e.g., Corbetta 
& Bojczyk, 2002; Fagard, & Pezé, 1997; van Hof et al., 2002), and we view grasp as how infants 
use their own hands to remove an object from an experimenter’s hand once they have already 
came in contact with an object in air presentations (Corbetta & Snapp-Childs, 2009). However, 
our definitions do not account for the vast variability of definitions or behaviors studied in the 
literature. Certainly, presentation styles, experimental set-ups, positioning, and other aspects in 
methodology could influence how researchers define variables of interest. Importantly, the 
differences we found between reach and grasp behaviors may also be present in other behaviors 
used to assess manual laterality as well. Therefore, future research could compare pointing, 
object manipulation, tool-use, pick-up, initial contact, and other behaviors to see if there are 
other actions that are also incongruent when making direct comparisons.  
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Recommended Practices  
The present comparisons between three versus eight trials, whether bilateral behaviors 
were removed or retained, and reach versus grasp were all made on group data. We utilized 
percentages, averages, medians, overall proportions and statistical tests to determine how closely 
these comparisons related to each other. Our data were highly fluctuating and collected over 
various developmental time spans. With the comparisons we observed, we found results to 
suggest that there are some differences in accuracy in hand preference methodology that could 
show very different trends (e.g., reach versus grasp coupling behaviors). This is important 
because researchers are beginning to find inconsistent results across studies, and we think this 
could be due to the fact that different methodologies were used.  
Although researchers with various goals may approach methodology in different ways 
(e.g., calculating the degree of lateralization, predicting future hand preference, detecting reliable 
differences in hand preference, etc.), we have outlined suggestions for future consideration. In 
terms of recommended practices for studies of infant manual laterality, we argue that making use 
of more trials is better than using fewer, particularly for researchers who are interested in more 
fine-grained detail. Due to the fact that we discovered such a strong compatibility in approaches 
using three or eight trials, this does not invalidate studies that have used fewer than eight trials. 
However, depending on the goals of individual research projects, researchers may be interested 
in more detailed data pertaining to microgenetic trajectories (i.e., they may require more trials), 
whereas others may only require a quick laterality assessment (i.e., they would only need a few 
trials).  
We suspect that adding even more trials would maintain consistent compatibility to three 
or eight trials, but more research should be conducted to measure this. Furthermore, if 
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researchers opt to throw out bilateral behaviors, we definitely recommend using many more than 
eight trials, which is already standard practice (e.g., Babik et al., 2014; Ferre et al., 2010). When 
we excluded bilateral behaviors, we ended up removing a great deal of our data for both reaches 
and grasps (e.g., only 68.8% of bilateral grasps were analyzed in weeks with our current lenient 
inclusion criterion, as opposed to only 12.2% of bilateral grasps in weeks that would have been 
analyzed with strict inclusion criterion).  
In part because of this reason, we argue that bilateral behaviors should be retained in 
measurements of manual laterality. A recent paper compared research approaches where 
researchers either retained or removed bilateral acquisitions from their computations and 
reported compatible findings (Michel et al. 2014). However, when we removed infants’ bilateral 
behaviors from our analyses, we found that for grasps, only 12.2% of usable data remained. 
Although we loosened our strict 6-trial minimum criterion for each week, we still were only able 
to use 68.8% of bilateral grasps in our analyses. This led to dramatic shifts and inconsistencies in 
the levels of agreement between measures and still resulted in an inability to make strong claims 
about the results for the comparison of bilateral behaviors removed versus retained.  
Part of the reason why bilateral behaviors are removed from some computations is 
because manual laterality has been operationally defined by some based off of the fact that 
lateralized movements cannot be bimanual by definition (e.g., Babik et al., 2014). However, the 
reasons behind removing or retaining bilateral behaviors may stem from varying research goals 
in the literature. For example, Ferre and colleagues explained that the use of bimanual 
acquisitions in computations could be helpful in pinpointing the degree of lateralization, but not 
if testing for reliable differences in hand preference (Ferre et al., 2010). Therefore, depending on 
the ultimate goals in their research, some may be more interested in removing bimanual 
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behaviors from computations. However, we claim that bilateral behaviors are still (1) a result of 
the infant’s ongoing development of lateralization, and (2) a response of the infant’s system to 
the environment, and (3) that they should be considered in making judgments about manual 
biases.  
Lastly, we can make inferences about the differences between reach and grasp behaviors 
based on the comparisons that we made in this study and with claims from past research that has 
been conducted on reach-grasp matching. Previous cross-sectional research investigated how 6- 
to 10-month-olds learn to reach for and grasp a moving object (Fagard, Spelke & von Hofsten, 
2009). They discovered that infants’ reaching and grasping strategies differed significantly 
between the different age groups they tested (Fagard et al., 2009). Longitudinal research has also 
indicated that reach and grasp behaviors do not always mirror each other (Corbetta et al., 2000).  
Reaching has been identified as an initial response of the motor system to an object in an 
environment (Corbetta et al., 2000), and occurs before any tactile information is gained from 
contact with an object. Grasps, however, are thought of as exploratory behaviors through which 
infants gain information through experiencing the sensory qualities of an object (Corbetta & 
Snapp-Childs, 2009). Furthermore, infants are ineffective at using haptic information to make 
judgments about how to reach for objects and tend to reach in systematic ways, reportedly due to 
motor constraints (Corbetta et al., 2000), or due to an embodied nature of infant reaching 
(Corbetta, Thurman, Wiener, Guan, & Williams, 2014). However, infants do use haptic 
information to grasp and manipulate objects (Corbetta et al., 2000), because they can learn to 
make adjustments later on in their grasping behavior (e.g., they may initially reach with one hand 
and then realize that it is easier to hold an object with two hands), but this requires practice in 
order to consistently reproduce a new, learned response (Corbetta & Snapp Childs, 2009). 
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Because of these reasons and the fact that the reach versus grasp comparison seemed to be the 
most incongruent out of all of the comparisons we performed (see Figure 15), we argue that in 
infancy, reaching and grasping actions are in fact, different behaviors embedded in the same 
action. However, this may not be true in adults. In adults, lateralization of hand preference helps 
to eliminate unnecessary arm movements so objects can be obtained with minimal effort. Due to 
these differences in the behaviors, we argue that the reach should be emphasized as a measure of 
manual laterality for researchers interested in the initial responses of infants. Researchers 
studying exploratory or experiential aspects of laterality may be more interested in studying 
grasps. Additionally, we had many more bilateral grasps than reaches, so if researchers are 
particularly interested in removing bilateral behaviors, it may be better to utilize the reaching 
behaviors over the grasps. With our flexible inclusion criteria, we were able to use 100% of all 
bilateral reaches and 68.8% of all bilateral grasps in analyses for the included weeks. 
Limitations 
Because we performed secondary analysis on previously collected data (Bojczyk & 
Corbetta, 2004; Corbetta & Bojczyk, 2002; Corbetta et al., 2006; Snapp-Childs & Corbetta, 2009, 
see Figure 1), the infants in our study were followed for varying data collection time spans. 
While the start and end ages were of a wide range, some infants were only followed 
longitudinally for a short time. This meant that our data followed a sequential design and was 
sparse in some places. Ideally, all infants would have been followed for similar amounts of time 
so that we could have compared them more directly. Furthermore, in our group analyses, Group 
A contained different infants from those included in Groups B and C. Ideally, all three groups 
would have contained different data for all of the same infants.  
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In addition to the time span that infants were followed longitudinally in this study, we 
also experienced limitations in the number of trials that were collected. As previously explained, 
we did not have a sufficient number of trials to effectively conduct the comparison of bilateral 
behaviors removed versus retained. Ideally, all of the infants in this study would have had 
additional trials collected in similar fashions so that we could accurately exclude bilateral 
reaches and grasps and still have enough data to meet our six-trial minimum inclusion rule for 
each week. Unfortunately, this was not the case, so the results from the bilateral behaviors 
removed versus retained comparison should be interpreted carefully.  
Future Research  
Earlier, we pointed out that there were several methodological differences in the literature 
that pertain to infant hand preference. We addressed some of those methodological differences 
by comparing results obtained from different computations of infant manual behavior. However, 
several remaining aspects of methodology in infant hand preference could still be addressed in 
future research.  
In this study, we compared CQs and LQs for assessing manual laterality. We explained 
how the behaviors used in the computations were coded from infant behavioral videos and listed 
the exact formulas we used in Table 2. However, these quotients could have been computed in 
many different ways based on various behaviors. For example, we chose to combine ‘Br,’ ‘Bl,’ 
and ‘Bb’ reaches in to our computation of bilateral reaches, but some may disagree with this 
decision and instead only count ‘Bb’ reaches as bilateral reaches. Additionally, we chose to drop 
only ‘Bb’ reaches from our computation of bilateral reaches removed, but some may also 
disagree with this decision and may also drop ‘Br,’ and ‘Bl’ reaches as well. These various 
decisions about exactly what behaviors are included or excluded, and which behaviors are 
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lumped or kept separate in formula computations could potentially influence the similarities in 
results obtained. These issues were not addressed in this paper, but certainly should be 
considered in future work. In all cases, we encourage researchers who study manual laterality to 
openly and directly describe how LQs and CQs are computed. This way, it will be clear to 
readers how they can directly compare approaches between studies.  
Furthermore, we also indicated earlier that many researchers use several types of 
behaviors for research in manual laterality with infants. We mentioned several terms that are 
commonly used in the literature to describe manual behaviors, like reach (e.g., Corbetta & 
Bojczyk, 2002; Fagard, & Pezé, 1997; van Hof et al., 2002), grasp (Corbetta & Snapp-Childs, 
2009; Fagard, & Pezé, 1997), acquisition (e.g., Babik et al., 2014; Kotwica et al., 2008; Michel et 
al., 2014), apprehension (e.g., Michel et al., 2006), and prehension (Ferre et al., 2010). After we 
operationally defined how we coded in-air presentations for reaching and grasping behaviors, we 
investigated differences between them. However, these behaviors certainly do not encompass all 
of the behaviors studied in the literature, especially for presentations involving the floor, the use 
of a table or surface, presentations of large objects, or presentations of more than one object at a 
time. Due to the fact that we found some discrepancies between reach and grasp behaviors, we 
suspect that there are also differences in the types of presentations used and potentially in the 
behaviors coded within them. Therefore, we find it imperative that researchers who study manual 
laterality accurately describe how objects are presented to infants and fully explain how and 
which manual behaviors are coded during the session or from recordings. Future research could 
address these issues by further comparing other manual behaviors and presentation styles in the 
way that we compared reach and grasp behaviors.  
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Above, we reviewed how the timing from an infant’s first session and last session can be 
very different between studies of infant manual preference. We were able to begin to address this 
issue with the data in this study by dividing the data into three developmental groups. However, 
the infants used in this study did not begin participation before 6 months of age and were only 
followed up to 17 months of age (see Figure 1). Therefore, we are unable to speak about 
comparing developmental groups with infants younger than 6 months or older than 17 months. 
Research with neonates, toddlers, and children should be conducted in the future in order to 
compare a wider range of developmental groups.  
Expanding the age at which infants are tested would also help to address any contextual, 
or learning experiences that children may be influenced by. This is because infants learn to 
change their reaching and grasping behaviors based on previous sensory experiences (e.g., 
Corbetta & Snapp-Childs, 2009; Corbetta & Thurman, et al., 2014). Furthermore, infants have 
demonstrated fluctuations in unimanual and bimanual hand use that related to the development 
of their own motor skills (Atun-Einy et al., 2014; Babik et al., 2014; Corbetta & Bojczyk, 2002; 
Corbetta et al., 2014; Corbetta & Thelen, 1996, 2002). With each acquisition of motor skill, 
researchers have described a plastic, malleable state of brain and behavioral reorganization that 
simultaneously occurs with changes in the motor system until each new skill is mastered (Berger 
et al., 2011; Corbetta & Bojczyk, 2002; Corbetta et al., 2014).  
Previously, we discussed that time spans for data collection and intervals in between 
appointments can also relate to the number of observations used to assess manual laterality 
(Jacobsohn et al., 2014). In this study, infants were followed on a weekly and/or biweekly basis 
for varying data collection time spans, depending on the original study or pilot in which the 
infant participated (Bojczyk & Corbetta, 2004; Corbetta & Bojczyk, 2002; Corbetta et al., 2006; 
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Snapp-Childs & Corbetta, 2009, see Figure 1). Due to the sometimes-sparse nature of our data 
and variable start and end times for each infant, we were not able to perform an analysis based 
on intervals between assessments. However, recent work has indicated that large intervals in 
under-sampled data could potentially impact the validity of conclusions in longitudinal studies 
(Adolph & Robinson, 2011; Adolph et al., 2008). Michel and colleagues (2014) have already 
demonstrated the effects of undersampling in data pertaining to latent classes in manual 
preferences. When four odd or even monthly visits were selected from nine consecutive monthly 
visits in a longitudinal study, results were not compatible to those from when all nine monthly 
visits were analyzed together. In their study, the use of all nine data points provided more 
opportunities to pick up on changes in the trajectory of infant handedness and allowed 
researchers to be more confident in their results (Michel et al., 2014). Certainly, these issues 
need to be addressed in future work on infant hand preference due to the varying sampling 
intervals that researchers opt to use in their longitudinal studies.  
Furthermore, many researchers in the literature also use varying sample sizes (for review, 
see Jacobsohn et al., 2014). Researchers who tend to find unstable patterns of laterality tend to 
also use smaller sample sizes of fewer than 10 infants and focus on individual trajectories (e.g., 
Cochet, 2012; Corbetta & Bojczyk, 2002; Corbetta & Thelen, 1996, 1999), whereas researchers 
who find stable patterns in infant laterality tend to have larger samples of greater than 150 
participants and focus on modeling, broader trends, and group averages (e.g., Babik et al., 2014; 
Michel et al., 2002, 2014). However, many researchers use between 20-40 participants (e.g., 
Atun-Einy et al., 2014; Jacquet et al., 2012; Kotwica et al., 2008; Marschik et al., 2007, 2008). 
Differences in sample sizes could also relate to the goals investigators have in their research. 
Some may be interested in calculating the degree of lateralization (e.g., Epps et al., 2012), 
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predicting future hand preference (e.g., Michel et al., 2002), or detecting reliable differences in 
hand preference (e.g., Ferre et al., 2010). In this paper, we performed secondary analysis on 
infants who had previously participated in other studies and pilots (Bojczyk & Corbetta, 2004; 
Corbetta & Bojczyk, 2002; Corbetta et al., 2006; Snapp-Childs & Corbetta, 2009). Therefore, we 
were unable to measure differences in sample size. Future work could address how similar 
measures compare to each other when used with a large versus small sample sizes.  
In this study, we are unable to make claims about which measures best capture 
participants’ hand preferences. Future studies could follow participants for longer periods of time 
to track the developmental trajectory up until hand preference for certain tasks is consistent. 
Additionally, from our analyses, we are also unable to determine which measures lead to 
stronger, more extreme hand preference quotients. Future research could compare how different 
quotients are in values and overall classification for research topics (e.g., Does the reach or grasp 
lead to stronger hand preferences?).  
Future research could also further investigate the trends we detected with the comparison 
of three versus eight trials. One concern about conducting analyses on the comparison of the first 
three versus the first eight trials is the fact that the first three trials are present in the three-trial 
computation and the eight-trial computation, which could potentially inflate the level of 
agreement between the comparisons. Therefore, future research could investigate infants’ 
behavior within one visit by comparing the first three trials to the last five trials, or other 
variations of trial numbers. This would allow researchers to measure the level of concordance 
between the trial numbers without the confound that the two calculations contain similar data. 
Finally, most of the infants in this study had up to eight trials in which they were prompted to 
reach for similarly sized objects. However, six of the infants were prompted to reach for up to 20 
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objects. With these six infants, we aim to further investigate these three comparisons (i.e., three 
versus eight trials, bilateral behaviors removed versus retained, and reach versus grasp). This is 
because with more trials, we will be able to more sufficiently test the bilateral behaviors removed 
versus retained comparison, and we will be able to measure more variations in the number of 
trials to see if there are differences in computations.  
Conclusion 
In this study, we compared different approaches to various methodological components 
of longitudinal studies on infant manual preference. We found a high degree of concordance 
between CQs and LQs when comparing the first three versus the first eight trials. We found less 
similarity between CQs and LQs when comparing reaching behavior versus grasping responses 
and when we retained or removed bilateral behaviors in LQ computations. These methodological 
differences that we have identified and tested are important when making claims about manual 
laterality in infancy. Researchers could use the present investigation to make more informed 
choices when comparing and making generalizations about their work with respect to that of 
others. We speculate that some of the discrepancies found in the literature could be explained in 
terms of the varied approaches in methodology that we have investigated here.  
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Table 1 
 
Longitudinal studies on the development of infant manual preference 
 
Authors (Year of 
Publication) Age Ranges 
Number of 
Trials/Procedures 
Behaviors 
Investigated Quotient Formula Used 
Atun-Einy, Berger, 
Ducz, & Sher (2013) 
started at 7 m ended at 14 
m at the latest 20 presentations reaching Cou (B-U)/(B+U) 
Babik, Campbell, & 
Michel (2014) 6-14 m 34 trials acquisitions Sym/Lat 
HI = R/(R+L)            
SI = B/(R+L+B) 
Berger, Friedman, & 
Polis (2011) 
first 2 weeks of crawling, 
6-8 weeks of crawling, 
first week of 
walking/crawling, 2 
weeks of walking (no 
crawling), 6-8 weeks 
walking 
6-12 path traversals  limb preferences Lat 
proportion of trials 
they used the same 
foot to lead out or 
the same hand to 
reach 
Carlson & Harris 
(1985) 
24, 27, 30, 33, 36, 39, and 
52 w 27 trials reaching Cou/Lat n/a 
Cochet (2012) 15-25 m 5-15 trials pointing; 
manipulation Lat (R-L)/SQRT(R+L) 
Corbetta & Bojczyk 
(2002) 8-16 m 
16 objects: 8 small, 8 
large  reaching Cou n/a 
Corbetta & Thelen 
(1996) 3-30 w; 30-52 w 8-12 trials 
non-reaching; 
reaching Cou n/a 
 
 
   60
Table 1 (continued) 
 
Authors (Year of 
Publication) Age Ranges 
Number of 
Trials/Procedures 
Behaviors 
Investigated Quotient Formula Used 
Corbetta & Thelen 
(1999) 3-30 w; 30-52 w; 3 years 8-12 trials (12 toys) 
non-reaching; 
reaching; 
manipulating 
Lat (R-L)/(R+L) 
Corbetta, Williams, & 
Snapp-Childs (2006) 
GD: 6:3-10:2, GC: 8:0-
15:1, LBL: 8:3-15:1, 
16:1, 17:2, and 21:0 
GD: 16 trials, GC: 16 
trials, LBL: 20 trials reaching; grasping Cou/Lat 
(Bi-U)/(Bi+U) and 
(R-L)(R+L) 
Coryell & Michel 
(1978) 1, 2, 4, 6, 8, 10, 12 w 3 5-minute recordings 
spontaneous 
behavior; head 
position; state; 
ATNR; reaching 
Lat (L-R)/(R+L)1/2 
Fagard & Peze (1997) 6-12 m 8 toys, 3 bimanual tasks reaching; grasping Cou n/a 
Ferre, Babik & Michel 
(2010) 6-14 m 34 toys prehension Lat 
R acquisitions/ R+L 
acquisitions 
Geerts, Einspieler, 
Dibiasi, Garzarolli, & 
Bos (2003) 
14, 18, and 25 m 2-8 cubes, 6 pegs 
grasping; 
manipulating; 
inserting 
Lat Prechtl's optimality 
concept 
Goodwin & Michel 
(1981) delivery, 2 d, 19 w 
stages of delivery, 4 2-
minute conditions, 
presented toys 
selected from set 
birth position; head 
position, HP  Lat (R-L)/SQRT(R+L) 
Hepper (2013) 24 and 36 w gestation  30 minute recording arm movements Lat (R-L)/(R+L) 
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Table 1 (continued) 
 
Authors (Year of 
Publication) Age Ranges 
Number of 
Trials/Procedures 
Behaviors 
Investigated Quotient Formula Used 
Hinojosa, Sheu, & 
Michel (2003) 7, 9, and 11 m 
24 presentations at 7 
and 9 m, 29 
presentations at 11 m 
reaching; grasping; 
manipulation Lat (R-L)/SQRT(R+L) 
Jacobsohn, Rodrigues, 
Vasconcelos, Corbetta, 
& Barreiros (2012) 
birth, 1, 3, 6, 9, 12, 15, 
18, 24 m 
3 trials, questionnaire 
at 24 m 
spontaneous 
movements; 
reaching; 
manipulation 
Lat [(R+(B/2))-(L+(B/2))]/(R+L+B) 
Jacquet, Esseily, Rider, 
& Fagard (2012) 8, 11, 14, 17, and 20 m 7 grasping, 5 puppets grasping; pointing Lat 
(R-L/R+L) and (R-L 
/R+L+B) 
Kimmerle, Ferre, 
Kotwica, & Michel 
(2010) 
7, 9, 11, and 13 m 28 toys (HP); 6 toys (RDBM) RDBM; HP Cou/Lat (R-L)/(R+L)
1/2
 
Kimmerle, Mick, & 
Michel (1995) 7, 9, 11, and 13 m 10 toys RDBM RDBM n/a 
Kotwica, Ferre, & 
Michel (2008) 7, 9, 11, and 13 m 4 sets of 4; 26 toys 
acquisitions; touch; 
hold; pickup Lat R/(R+L) 
Lynch, Lee, Bhat, & 
Galloway (2008) 8 w to reach onset 6 toy, 6 no toy pre-reaching Lat n/a 
Marschik et al. (2008) 5 m and 5 y 12 trials and 19 tasks reaching; motor tasks Lat 
R/total number of 
tasks 
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Table 1 (continued) 
 
Authors (Year of 
Publication) Age Ranges 
Number of 
Trials/Procedures 
Behaviors 
Investigated Quotient Formula Used 
Marschik, Einspieler, 
Strohmeier, Garzarolli, 
& Prechtl (2007) 
18 m, 26 m, 4 y and 7 m, 
5 y and 7 m, 7 y and 1 m 
toddlers: stacking 
blocks; children: 19 
HP tasks, 6 bimanual 
tasks 
stacking; RDBM Lat (R-L)/(R+L) x 100 
Michel (1981) 3, 6, 8, 12, 16, 22 w 
4 150-second trials (at 
3, 6, & 8 w); 4 
reaching conditions 
(2-minute exposure to 
toy) 
HO; reaching Lat 
HO: (R-L)/(R+L) x 
100                          
HP: (R-L)/(R+L)1/2 
Michel (1992) 7, 9, and 11 m 28 toys 
reaching; 
manipulation; 
mother-infant play 
Lat (R-L)/SQRT(R+L) 
Michel & Goodwin 
(1979) 
delivery, 16-50 hours 
after birth 
4 stages of delivery, 3 
1-minute conditions 
birth position; head 
position, HP  Lat (R-L)/SQRT(R+L) 
Michel & Harkins 
(1986) 
16-48 hours after birth, 
12-74 w  
HO: 2 assessments (3 
2-minute trials) 20 
hours apart; HP: 
(early) 2-minute 
exposure to toys, 
(later) 20 
presentations on table 
HO; reaching Lat 
HO:                          
(R-L)/SQRT(R+L) 
and [(R-L)/(R+L)] x 
100                                 
HP:                          
[(R-L)/(R+L)] x 100 
Michel, Babik, Sheu, & 
Campbell (2014) 6-14 m 32 trials acquisitions Lat R/(R + L) 
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Table 1 (continued) 
 
Authors (Year of 
Publication) Age Ranges 
Number of 
Trials/Procedures 
Behaviors 
Investigated Quotient Formula Used 
Michel, Sheu, & 
Brumley (2002) 7, 9, and 11 m 26 presentations apprehension Lat (R-L)/SQRT(R+L) 
Michel, Tyler, Ferre, & 
Sheu (2006) 7, 9, 11, and 13 m 26 trials reaching; grasping Lat 
R reaches/ Total 
reaches  
Morange-Majoux, 
Lemoine & Dellatolas 
(2013) 
20-30 w 10 trials approaching; 
reaching; grasping Lat n/a 
Morange-Majoux, 
Peze, & Bloch (2000) 20-32 w 4 trials reaching; grasping Lat n/a 
Nelson, Campbell, & 
Michel (2013) 6-14 m and 18-24 m 
34 presentations 
(infants) and 29 
presentations 
(toddlers) 
acquisitions (at 6-14 
m) and RDBM (at 
18-24 m) 
Sym/Lat n/a 
Piek, Gasson, Barrett, 
& Case (2002) 6, 12, and 18 w recordings 
spontaneous 
movements Cou/Lat n/a 
Ronnqvist & Domellof 
(2006) 6, 9, 12, and 36 m 6 ball & pegs reaching; grasping Lat n/a 
Sgandurra et al. (2012) 4-9 m (18-41 w) 3 timed tasks reaching; grasping Cou n/a 
van Hof, van der 
Kamp, & Savelsbergh 
(2002) 
12, 18, and 26 w 2 balls in 3 positions reaching Cou n/a 
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Table 1 (continued) 
 
Note. Studies are in alphabetical order. Abbreviations: d – day(s); w – week(s); m – month(s); y – year(s); ATNR – asymmetric tonic 
neck reflex; HP – hand preference; RDBM – role differentiated bimanual manipulation; HO – head orientation; Cou – coupling; Sym 
– symmetry; Lat – laterality; HI – handedness index; SI – symmetry index; U – unimanual; Bi – bimanual; R – right; L – left, B – 
both; SQRT – square root. 
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Table 2 
 
Abbreviated and extended formulas used to compute coupling and laterality quotients for reach and grasp  
 
Category Label Computation Abbreviated Formula Extended Formula 
Reach 
RCou Coupling 
(U-B) ([R+L+B/l+B/r]-[Bb+Br+Bl]) 
(U+B) ([R+L+B/l+B/r]+[Bb+Br+Bl]) 
RLatBi 
Laterality  ([(R+(B/2)]-[L+(B/2)]) ([(R+B/r)+([Bb+Br+Bl]/2)]-[(L+B/l)+([Bb+Br+Bl]/2]) 
(bilateral retained) (L+R+B) (L+B/l+R+B/r+Bb+Br+Bl) 
RLat 
Laterality (R-L) ([R+B/r+Br]-[L+B/l+Bl]) 
(bilateral 
removed) 
(R+L) ([R+B/r+Br]+[L+B/l+Bl]) 
Grasp 
GCou Coupling 
(U-B) ([R+L]-B) 
(U+B) ([R+L]+B) 
GLatBi 
Laterality  ([(R+(B/2)]-[L+(B/2)]) 
--- 
(bilateral retained) (L+R+B) 
GLat 
Laterality (R-L) 
--- (bilateral 
removed) 
(R+L) 
 
Note. Reach and grasp coupling abbreviations: U = unimanual; B = bimanual. Reach and grasp laterality abbreviations: R = right 
lateralized reach/grasp; L = left lateralized reach/grasp; B/r = right unimanual reach with slight left reach; B/l = left unimanual reach 
with slight right reach; Br = right-led bimanual reach; Bl = left-led bimanual reach; Bb or B = bilateral reach/grasp. 
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Table 3 
 
Example of 10 computed quotients for infant BB, week 1 
 
Calculation Quotient 
3-Trial Reach Coupling -0.33 
3-Trial Grasp Coupling 0.33 
8-Trial Reach Coupling -0.50 
8-Trial Grasp Coupling 0.75 
3-Trial Reach Laterality -0.33 
3-Trial Grasp Laterality -0.67 
8-Trial Reach Laterality (Bilateral Retained) -0.25 
8-Trial Reach Laterality (Bilateral Removed) -1.00 
8-Trial Grasp Laterality (Bilateral Retained) -0.63 
8-Trial Grasp Laterality (Bilateral Removed) -0.71 
 
Note. Example of raw trial-by-trail data codes and 10 computed quotients for infant BB, week 1 
are located in Figure 4. Formulas for these computations are located in Table 2. 
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Table 4 
 
Results from all steps of analyses for the comparison of the first three versus the first eight trials: (1) Spearman correlations within 
coupling and laterality quotients, (2) Absolute differences within coupling and laterality quotients, (3) classification proportion 
agreements within coupling and laterality quotient z-scores, and (4) Wilcoxon signed rank tests within coupling and laterality 
quotients. Results presented for all 32 infants together, then divided for Group A, Group B, and Group C infants.  
 
TYPE OF ANALYSIS ALL INFANTS 
  
GROUP A: 6:3–8:3 (mos:wks)  
Spearman Correlations within 
CQs and LQs 
N  Significant  
rs Mdn(SD)   N  Significant  rs Mdn(SD) (infants) p-values   (infants) p-values 
Reach 
Coupling1  32 96.9% .84 (.12)   15 93.3% .81 (.11) 
Laterality2 32 93.8% .86 (.12)   15 93.3% .85 (.13) 
Grasp 
Coupling3 32 90.7% .83 (.13)   16 81.3% .87 (.16) 
Laterality4 32 96.9% .82 (.10)   16 93.8% .84 (.11) 
Absolute Differences within 
CQs and LQs 
N  
 M(SD)    Mdn(SD)     N   M(SD)    Mdn(SD)   (infants)   (infants) 
Reach 
Coupling1  32 .23 (.09) .15 (.13)   16 .22 (.11) .10 (.12) 
Laterality2 32 .15 (.06) .09 (.07)   16 .13 (.07) .06 (.08) 
Grasp 
Coupling3 32 .22 (.09) .12 (.11)   16 .20 (.13) .10 (.12) 
Laterality4 32 .19 (.10) .13 (.09)   16 .16 (.12) .09 (.09) 
Classification Proportion 
Agreements within CQ and LQ 
Z-scores  
N  Strength 
M(SD)   
Direction 
M(SD)   
  N  Strength 
M(SD)   
Direction 
M(SD)   (infants) 
  
(infants) 
Reach 
Coupling1  32 
.78 (.11) .86 (.10)   16 .79 (.12) .89 (.10) 
Laterality2 32 
.84 (.11) .82 (.11)   16 .92 (.10) .80 (.13) 
Grasp 
Coupling3 32 .82 (.10) .86 (.11)   16 .86 (.12) .89 (.14) 
Laterality4 32 .81 (.12) .83 (.11)   16 .88 (.10) .83 (.14) 
Wilcoxon Signed Rank Tests 
within CQs and LQs 
N  Significant  Range of Z   N  Significant  Range of Z (infants) p-values   (infants) p-values 
Coupling1,3  32, 32 10.9% -.141– -2.924   16, 16 6.3% -.106– -2.201 
Laterality2,4 32, 32 3.1% -.119– -2.908   16, 16 0.0% .000– -1.826 
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Table 4 (continued) 
 
TYPE OF ANALYSIS GROUP B: 8:1–10:1 (mos:wks)  
  
GROUP C: 11:1–13:1 (mos:wks)  
Spearman Correlations within 
CQs and LQs 
N  Significant  
rs Mdn(SD)   N  Significant  rs Mdn(SD) (infants) p-values   (infants) p-values 
Reach 
Coupling1  15 93.3% .93 (.11)   15 80.0% .83 (.15) 
Laterality2 15 86.7% .90 (.26)   15 93.3% .86 (.11) 
Grasp 
Coupling3 15 73.3% .83 (.14)   15 73.3% .79 (.20) 
Laterality4 15 80.0% .83 (.25)   15 100.0% .79 (.10) 
Absolute Differences within 
CQs and LQs 
N  
 M(SD)    Mdn(SD)     N   M(SD)    Mdn(SD)   (infants)   (infants) 
Reach 
Coupling1  15 .24 (.08) .17 (.10)   15 .29 (.12) .24 (.15) 
Laterality2 15 .18 (.08) .13 (.08)   15 .20 (.07) .14 (.07) 
Grasp 
Coupling3 15 .25 (.08) .17 (.14)   15 .22 (.10) .13 (.12) 
Laterality4 15 .23 (.08) .19 (.09)   15 .22 (.10) .18 (.13) 
Classification Proportion 
Agreements within CQ and LQ 
Z-scores  
N  Strength 
M(SD)   
Direction 
M(SD)   
  N  Strength 
M(SD)   
Direction 
M(SD)   (infants) 
  
(infants) 
Reach 
Coupling1  15 .77 (.12) .84 (.13)   15 .73 (.14) .86 (.14) 
Laterality2 15 .81 (.14) .85 (.15)   15 .76 (.13) .81 (.15) 
Grasp 
Coupling3 15 .74 (.11) .86 (.10)   15 .84 (.15) .86 (.16) 
Laterality4 15 .74 (.11) .85 (.14)   15 .79 (.15) .82 (.15) 
Wilcoxon Signed Rank Tests 
within CQs and LQs 
N  Significant  Range of Z   N  Significant  Range of Z (infants) p-values   (infants) p-values 
Coupling1,3  15, 15 13.3% -.314– -2.214   15, 15 6.7% -.105– -2.124 
Laterality2,4 15, 15 13.3% -.316– -2.214   15, 15 3.3% -.272– -2.453 
Note. CQ = Coupling Quotient. LQ = Laterality Quotient. Use numerical label codes to determine formula from Table 2.  
1- RCou vs. RCou 
2- RLatBi vs. RLatBi 
3- GCou vs. GCou 
4- GLatBi vs. GLatBi 
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Table 5 
 
Results from all steps of analyses for the comparison of bilateral behaviors removed versus retained: (1) Spearman correlations 
within laterality quotients, (2) Absolute differences within laterality quotients, (3) classification proportion agreements within 
laterality quotient z-scores, and (4) Wilcoxon signed rank tests within laterality quotients. Results presented for all 32 infants together, 
then divided for Group A, Group B, and Group C infants.  
 
TYPE OF ANALYSIS ALL INFANTS 
  
GROUP A: 6:3–8:3 (mos:wks)  
Spearman Correlations within 
LQs 
N  Significant  
rs Mdn(SD)   N  Significant  rs Mdn(SD) (infants) p-values 
  
(infants) p-values 
Reach Laterality1 32 87.5% 
.76 (.15)   16 50.0% .70 (.19) 
Grasp Laterality2 30 86.7% 
.89 (.17)   10 70.0% .92 (.19) 
Absolute Differences within 
LQs 
N  
 M(SD)    Mdn(SD)     N   M(SD)    Mdn(SD)   (infants) 
  
(infants) 
Reach Laterality1 32 
.33 (.16) .27 (.20)   16 .39 (.20) .36 (.23) 
Grasp Laterality2 30 
.27 (.18) .20 (.24)   11 .35 (.22) .32 (.27) 
Classification Proportion 
Agreements within LQ Z-
scores  
N  Strength 
M(SD)   
Direction 
M(SD)   
  N  Strength 
M(SD)   
Direction 
M(SD)   (infants) 
  
(infants) 
Reach Laterality1 32 
.68 (.16) .73 (.22)   16 .64 (.22) .62 (.28) 
Grasp Laterality2 30 
.88 (.10) 1.00 (.00)   11 .87 (.11) 1.00 (.00) 
Wilcoxon Signed Rank Tests 
within LQs 
N  Significant  Range of Z   N  Significant  Range of Z (infants) p-values 
  
(infants) p-values 
Laterality1,2 32, 30 24.2% -.201– 2.763   16, 11 3.7% -.338– -2.117 
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Table 5 (continued) 
 
TYPE OF ANALYSIS GROUP B: 8:1–10:1 (mos:wks)  
  
GROUP C: 11:1–13:1 (mos:wks)  
Spearman Correlations within 
LQs 
N  Significant  
rs Mdn(SD)   N  Significant  rs Mdn(SD) (infants) p-values 
  
(infants) p-values 
Reach Laterality1 15 60.0% 
.67 (.22)   15 80.0% .84 (.35) 
Grasp Laterality2 13 69.2% 
.88 (.34)   15 80.0% .86 (.17) 
Absolute Differences within 
LQs 
N  
 M(SD)    Mdn(SD)     N   M(SD)    Mdn(SD)   (infants) 
  
(infants) 
Reach Laterality1 15 
.32 (.13) .26 (.19)   15 .23 (.12) .17 (.15) 
Grasp Laterality2 14 
.21 (.12) .16 (.16)   15 .14 (.12) .09 (.12) 
Classification Proportion 
Agreements within LQ Z-
scores  
N  Strength 
M(SD)   
Direction 
M(SD)   
  N  Strength 
M(SD)   
Direction 
M(SD)   (infants) 
  
(infants) 
Reach Laterality1 15 
.66 (.16) .78 (.16)   15 .79 (.19) .88 (.09) 
Grasp Laterality2 14 
.85 (.12) 1.00 (.00)   15 .94 (.12) 1.00 (.00) 
Wilcoxon Signed Rank Tests 
within LQs 
N  Significant  Range of Z   N  Significant  Range of Z (infants) p-values 
  
(infants) p-values 
Laterality1,2 15, 14 17.2% -.059– -2.527   15, 15 13.3% -.140– -2.527 
 
Note. LQ = Laterality Quotient. Use numerical label codes to determine formula from Table 2.  
1- RLatBi vs. RLat 
2- GLatBi vs. GLat 
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Table 6 
 
Results from all steps of analyses for the comparison of reach versus grasp: (1) Spearman correlations within coupling and laterality 
quotients, (2) Absolute differences within coupling and laterality quotients, (3) classification proportion agreements within coupling 
and laterality quotient z-scores, and (4) Wilcoxon signed rank tests within coupling and laterality quotients. Results presented for all 
32 infants together, then divided for Group A, Group B, and Group C infants.  
 
TYPE OF ANALYSIS ALL INFANTS 
  
GROUP A: 6:3–8:3 (mos:wks)  
Spearman Correlations within 
CQs and LQs 
N  Significant  
rs Mdn(SD)   N  Significant  rs Mdn(SD) (infants) p-values 
  
(infants) p-values 
3 Trials  Coupling
1
  32 81.3% 
.72 (.20)   15 60.0% .70 (.34) 
Laterality2 32 96.9% .84 (.15)   15 66.7% .75 (.26) 
8 Trials 
Coupling1 32 81.3% .77 (.19)   16 62.5% .66 (.28) 
Laterality2 32 81.3% .85 (.17)   16 56.3% .68 (.22) 
Absolute Differences within 
CQs and LQs 
N  
 M(SD)    Mdn(SD)     N   M(SD)    Mdn(SD)   (infants) 
  
(infants) 
3 Trials  Coupling
1
  32 
.35 (.20) .23 (.33)   16 .28 (.19) .15 (.27) 
Laterality2 32 .18 (.08) .10 (.15)   16 .16 (.10) .07 (.13) 
8 Trials 
Coupling1 32 .34 (.17) .27 (.21)   16 .29 (.15) .25 (.21) 
Laterality2 32 .16 (.07) .11 (.08)   16 .15 (.09) .10 (.10) 
Classification Proportion 
Agreements within CQ and LQ 
Z-scores  
N  Strength 
M(SD)   
Direction 
M(SD)   
  N  Strength 
M(SD)   
Direction 
M(SD)   (infants) 
  
(infants) 
3 Trials  Coupling
1
  32 
.70 (.16) .82 (.13)   16 .74 (.18) .88 (.12) 
Laterality2 32 .88 (.08) .77 (.14)   16 .93 (.08) .75 (.16) 
8 Trials 
Coupling1 32 .67 (.16) .78 (.14)   16 .72 (.18) .83 (.15) 
Laterality2 32 .87 (.09) .78 (.14)   16 .89 (.11) .74 (.18) 
Wilcoxon Signed Rank Tests 
within CQs and LQs 
N  Significant  Range of Z   N  Significant  Range of Z (infants) p-values 
  
(infants) p-values 
Coupling1  32, 32 57.8% .000– -3.874   16, 16 18.8% -.105– -2.536 
Laterality2 32, 32 18.8% -.135– -2.936   16, 16 6.3% .000– -2.207 
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Table 6 (continued) 
 
TYPE OF ANALYSIS GROUP B: 8:1–10:1 (mos:wks)  GROUP C: 11:1–13:1 (mos:wks)  
Spearman Correlations within 
CQs and LQs 
N  Significant  
rs Mdn(SD) N  Significant  rs Mdn(SD) (infants) p-values (infants) p-values 
3 Trials  Coupling
1
  15 73.3% .72 (.39) 15 60.0% .76 (.22) 
Laterality2 15 93.3% .81 (.09) 15 80.0% .88 (.14) 
8 Trials Coupling
1
 15 73.3% .82 (.20) 15 40.0% .65 (.21) 
Laterality2 15 86.7% .90 (.07) 15 80.0% .90 (.18) 
Absolute Differences within CQs 
and LQs 
N  
 M(SD)    Mdn(SD)   N   M(SD)    Mdn(SD)   (infants) (infants) 
3 Trials  Coupling
1
  15 .46 (.26) .27 (.42) 15 .34 (.18) .22 (.27) 
Laterality2 15 .21 (.09) .12 (.16) 15 .17 (.08) .12 (.13) 
8 Trials Coupling
1
 15 .44 (.26) .34 (.34) 15 .32 (.13) .26 (.17) 
Laterality2 15 .19 (.09) .13 (.12) 15 .15 (.06) .11 (.07) 
Classification Proportion 
Agreements within CQ and LQ 
Z-scores  
N  Strength 
M(SD)   
Direction 
M(SD)   
N  Strength 
M(SD)   
Direction 
M(SD)   (infants) (infants) 
3 Trials  Coupling
1
  15 .68 (.12) .73 (.19) 15 .69 (.14) .82 (.15) 
Laterality2 15 .85 (.08) .79 (.16) 15 .83 (.14) .80 (.12) 
8 Trials Coupling
1
 15 .62 (.19) .70 (.19) 15 .67 (.13) .80 (.19) 
Laterality2 15 .81 (.10) .81 (.15) 15 .87 (.14) .86 (.10) 
Wilcoxon Signed Rank Tests 
within CQs and LQs 
N  Significant  Range of Z N  Significant  Range of Z (infants) p-values (infants) p-values 
Coupling1  15, 15 30.0% -1.000– -2.670 15, 15 43.3% -1.121– -2.552 
Laterality2 15, 15 10.0% .000– -2.530 15, 15 10.0% .000– -2.236 
 
Note. CQ = Coupling Quotient. LQ = Laterality Quotient. Use numerical label codes to determine formula from Table 2.  
1- RCou vs. GCou 
2- RLatBi vs. GLatBi 
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Figure 1. Summary of duration of data collection ages for each infant from start session to end 
session. 
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Figure 2. Custom-built infant seat. 
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Figure 3. Summary of data spans utilized for each of the three developmental groups.  
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Figure 4. Example of raw trial-by-trail data codes and 10 computed quotients for infant BB, 
week 1. First, the three-trial coupling computations only use the first three trials and ignore 
subsequent trials. One is for the reach and one is for the grasp. Next, there are the coupling 
computations are based off of all 8 trials. One is for the reach and one is for the grasp. Third, the 
three-trial laterality computations only use the first three trials and ignore subsequent trials. One 
is for the reach and one is for the grasp. Both formulas in the third row include bilateral 
behaviors. Next, the laterality computations for all 8 trials are computed for reaching behaviors, 
but one includes bilateral behaviors and one excludes bilateral behaviors. Last, there are 
laterality computations that use all 8 trials. Both are for grasping behaviors, but one includes 
bilateral behaviors and one excludes bilateral behaviors. Formulas for these computations are 
located in Table 2 and the summary of infant BB, week 1 quotients are in Table 3.  
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Figure 4. (continued)  
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Figure 5. Spearman correlations for infant MW’s coupling and laterality quotients for reach in 
the comparison of three versus eight trials. This data was included in the analysis with all infants 
in Table 4.  
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Figure 6. Spearman correlations for infant MW’s laterality quotients for reach and grasp in the 
comparison of bilateral behaviors removed versus retained. This data was included in the 
analysis with all infants in Table 5.  
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Figure 7. Spearman correlations for infant MW’s coupling and laterality quotients for eight trials 
in the comparison of reach versus grasp. This data was included in the analysis with all infants in 
Table 6.  
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Figure 8. Infant MW’s Group B and C laterality quotients for reach in the comparison of three 
versus eight trials. This data was included in the analysis for Groups B and C in Table 4.  
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Figure 9. Absolute mean differences of three versus eight grasp coupling. Graphs contain means 
of individual infant data across developmental time spans within Groups A, B, and C. This data 
was included in the analysis of the three developmental groups in Table 4. 
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Figure 10. Absolute mean differences of bilateral removed versus retained in reaching laterality. 
Graphs contain means of individual infant data across developmental time spans within Groups 
A, B, and C. This data was included in the analysis of the three developmental groups in Table 5. 
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Figure 11. Classification proportion agreements for infant MW’s laterality quotients transformed 
into z-scores for reach in the comparison of three versus eight trials. This data was included in 
the analysis with all infants in Table 4.  
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Figure 12. Infant MW’s Group B and C laterality quotients transformed into z-scores for reach in 
the comparison of three versus eight trials. This data was included in the analysis for Groups B 
and C in Table 4. 
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Figure 13. Classification proportion agreements between three versus eight reach coupling 
strength means. Graphs contain means of individual infant data across developmental time spans 
within Groups A, B, and C. This data was included in the analysis of the three developmental 
groups in Table 4. 
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Figure 14. Classification proportion agreements between reach versus grasp coupling strength 
means in eight trials. Graphs contain means of individual infant data across developmental time 
spans within Groups A, B, and C. This data was included in the analysis of the three 
developmental groups in Table 6.   
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Figure 15. Percentage of infants with significant differences between measures in Wilcoxon 
signed ranks tests by age category and comparison. (A) CQs and LQs for the comparison of three 
versus eight trials, (B) LQs for the comparison of bilateral behaviors removed versus retained, 
and (C) CQs and LQs for the comparison of reach versus grasp. Graphs contain data across 
developmental time spans within Groups A, B, and C and with all infants’ full developmental 
trajectories combined. These graphs reflect data for Wilcoxon signed ranks tests in Tables 4, 5, 
and 6. 
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Figure 16. Results summary of ranges in each of the three developmental groups for each of the 
four steps of analyses by comparison. (A) Ranges for Spearman correlations, absolute 
differences, classification proportion agreements, and Wilcoxon signed ranks test for the 
comparison of three versus eight trials, (B) ranges for Spearman correlations, absolute 
differences, classification proportion agreements, and Wilcoxon signed ranks test for the 
comparison of bilateral behaviors removed versus retained, and (C) ranges for Spearman 
correlations, absolute differences, classification proportion agreements, and Wilcoxon signed 
ranks test for the comparison of reach versus grasp. This figure reflects summarized data from 
Tables 4, 5, and 6. 
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Figure 16. (continued) 
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